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FOREWORD 

T h i s  F i n a l  Repor t  f o r  t h e  "Study o f  D i r e c t  Ver sus  O r b i t a l  
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FINAL REPORT 

STUDY OF DIRECT VERSUS ORBITAL ENTRY FOR MARS MISSIONS 

~ = -  

VOLUME I: SUMMARY 

By Raymond S .  W i l t s h i r e  and Hugh E .  C r a i g  
M a r t i n  M a r i e t t a  C o r p o r a t i o n  

SUMMARY 

T h i s  volume summarizes t h e  work accompl i shed  by t h e  M a r t i n  
M a r i e t t a  C o r p o r a t i o n  f o r  t h e  Lang ley  Resea rch  C e n t e r  under  t h e  
C o n t r a c t :  "Study o f  D i r e c t  v e r s u s  O r b i t a l  E n t r y  f o r  M ' l r s  M i s s i o n s . "  
T h i s  e f f o r t  was conducted d u r i n g  t h e  p e r i o d  from March 2 6 ,  1968 
t o  J u l y  1 ,  1968.  

The o b j e c t i v e s  of t h e  s t u d y  were twofo ld :  

1)  To o b t a i n  t h e  n e t  s c i e n c e  payload f o r  t h e  d i r e c t  en-  
t r y  mode; 

2 )  To e v a l u a t e  t h e  d i r e c t  and o u t - o f - o r b i t  e n t r y  modes 
f o r  s o f t  l a n d i n g  c a p s u l e s .  

To f u l f i l l  t h e s e  o b j e c t i v e s ,  t h r e e  main t a s k s  were d e f i n e d :  

1) Conduct m i s s i o n  and subsys t em p a r a m e t r i c  a n a l y s e s ;  

2 )  E s t a b l i s h  mis s ion  d e s i g n  f o r  e a c h  c a p s u l e  mode; 

3 )  P r o v i d e  c o n c e p t u a l  d e s i g n  f o r  t h r e e  c a p s u l e  s y s t e m s .  

The i n i t i a l  e f f o r t  concerned i t s e l f  e x c l u s i v e l y  w i t h  t h e  f i r s t  
o f  t h e s e  t a s k s ,  t h a t  i s ,  t h e  p a r a m e t r i c  a n a l y s e s .  The a n a l y s e s  
were completed and r e p o r t e d  t o  Lang ley  R e s e a r c h  C e n t e r  a t  t h e  end 
o f  A p r i l  1968 .  A s  a r e s u l t  o f  t h e s e  s t u d i e s ,  a number o f  p o i n t  
d e s i g n s  were s e l e c t e d  f o r  more  d e t a i l e d  e v a l u a t i o n .  

INTRODUCTION 

T h i s  summary volume i s  p r e s e n t e d  i n  f o u r  major  s e c t i o n s .  The 
f i r s t  s e c t i o n  c o v e r s  t h e  m i s s i o n  a n a l y s i s  s t u d i e s ,  i . e . ,  l a u n c h  
v e h i c l e  c a p a b i l i t y ,  t r a n s f e r  t r a j e c t o r i e s ,  t a r g e t i n g ,  ae ro the rmo-  
dynamics ,  e n t r y  t r a j e c t o r i e s ,  and t e r m i n a l  phase  s y s t e m s .  I t  i s  



i n  t h i s  area of mission planning and mission o p e r a t i o n  t h a t  t h e  
o u t - o f - o r b i t  mode shows d d i s t i n c t  advantage over  t h e  d i r e c t  en- 
t r y  mode. 
b i l  i t y .  

The o u t - o f - o r b i t  mode p e r m i t s  a g r e a t e r  mission f l e x i -  

The second s e c t i o n  d e s c r i b e s  and compares t h e  s p e c i f i c  c a p s u l e  
c o n f i g u r n t i o n s  i n v e s t i g A t c d .  
a e r o s h e l l  i s  marginal from a packaging v iewpoin t ;  t h e  1 0 ? ~ - f t  diam- 
e t e r  examined i s  p r e f e r r e d .  However, t h e  p o t e n t i a l  f o r  sav ing  t h e  
development o f  a bulbous shroud i s  g r e a t  enough t o  warran t  f u r t h e r  
i n v e s t i g a t i o n  o f  t h e  maximum a e r o s h e l l  d iameter  t h a t  can be accom- 
modated i n  the  T i t a n  I I I / C e n t a u r  shroud.  

T t  i s  c l e a r  t h a t  t h e  8 % - f t  d iameter  

I n d i v i d u a l  subsystems a r e  d iscussed  i n  t h e  t h i r d  s e c t i o n ;  
paramet r ic  a n a l y s e s  a r e  p r e s e n t e d ,  t h e  p o i n t  d e s i g n s  a r e  d e s c r i b e d  
w i t h  a p r e f e r r e d  d e s i g n  i d e n t i f i e d ,  and t h e  long- lead  items a r e  
l i s t e d  f o r  t h e s e  d e s i g n s .  The  mission mode s e l e c t i o n  h a s  l i t t l e  
e f f e c t  o n  t h e  c a p s u l e  subsystems. There  i s  no e f f e c t  on e l e c t r o n i c  
subsystems. More t r a c k i n g  accuracy by t h e  D e e p  Space Ins t rument  
F a c i l i t y  (DSIF) o r  a sun and plLinet t r a c k e r  o n  t h e  o r b i t e r  i s  re- 
qui red  f o r  t h e  d i r e c t  mode. The energy a b s o r p t i o n  subsystems a r e  
a f f e c t e d  by mission mode s e l e c t i o n  i n  t h a t  t h e  d i r e c t  e n t r y  i s  a 
h i g h e r  energy mode. However, t h e  i n c r e a s e  i n  subsystem c a p a b i l i t y  
i s  n o t  l a r g e  and i s  w e l l  w i t h i n  t h e  s t a t e  o f  t h e  a r t .  

The f o u r t h  s e c t i o n  p r e s e n t s  t h e  s t u d y  c o n c l u s i o n s  and i d e n t i -  
f i e s  a r e a s  t h a t  m e r i t  f u r t h e r  s t u d y .  

SYMBOLS AND ABBREVIATIONS 

A C S  a t t i t u d e  c o n t r o l  system 

AMR a l t i t u d e  measuring r a d a r  

en'try b a l l i s t i c  c o e f f i c i e n t ,  M / C  A ,  s l u g s / f o o t '  BE D 

bps b i t s  p e r  second 

C 5  E a r t h  d e p a r t u r e  energy, (k i lometers / second) '  

DSIF Deep Space Ins t rument  F a c i l i t y  

FSK f rcquency s l i i f  t Iwying 

g r 3 v i t .I t i o  na  1 ; I  c c e 1 e ra t: i on s 

2 
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RT G 

R d  

T DLR 

TWTA 

T I I I C  

T I I I F  

vE 

'HE 

wcs 

'LE 

a, 
LE 

g u i d a n c e  and c o n t r o l  computer 

p e r i a p s i s  a l t i t u d e  o f  o r b i t e r ,  k i l o m e t e r s  

i n e r t i a l  measurement u n i t  

s p e c i f i c  i m p u l s e ,  seconds  

deployment  Mach number 

P r e c i s i o n  Recovery i n c l u d i n g  Maneuvering E n t r y  

t o t a l  h e a t ,  /i d t ,  Btu / foot '  

h e a t i n g  r a t e ,  Btu / foot2-second 

r a d i o i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r  

r a d i u s  o f  Mars (3393 km) 

t e r m i n a l  d e s c e n t  and l a n d i n g  r a d a r  

t r a v e l i n g  wave t u b e  a m p l i f i e r  

T i t a n  I I I C  

T i t a n  I I I F  

e n t r y  v e l o c i t y  ( i n e r t i a l ) ,  k i l o m e t e r s / s e c o n d  

Mars approach  energy  ( a s y m p t o t i c  v e l o c i t y ) ,  k i l o m e t e r s /  
second 

t o t a l  c a p s u l e  w e i g h t ,  pounds 

e n t r y  w e i g h t ,  pounds 

l a n d e d  equipment w e i g h t ,  pounds 

c a p s u l e  a n t e n n a  a s p e c t  a n g l e  a t  e n t r y  ( s e e  f i g .  l ) ,  
d e g r e e s  

3 



capsule antenna aspect angle at touchdown, degrees 
%D 

B targeting parameter (see fig. l), degrees 

inertial entry flightpath angle, degrees 

AV ,velocity increment, meters/second 

deorbit velocity, meters/second AVD 

fading margin angle (between reflected signal from cap- 
sule to surface to orbiter and local vertical at re- 
flection point), degrees 

'FM 

h orbiter lead angle (see fig. l), degrees 

communication range: capsule to orbiter, kilometers 'CE 

0 standard deviation 

T approach trajectory periapsis location (see fig. 5), 
degrees 

Subscripts: . 
Lam laminar 

Rad radiative 

Turb t urbul e n  t 

8 Earth 

d Mars 



MISSION ANALYSIS 

The m i s s i o n  a n a l y s i s  p a r a m e t r i c  s t u d y  i n c l u d e s  t h e  d e f i n i t i o n  
o f  l a u n c h  p e r i o d s  and  t a r g e t i n g  c a p a b i l i t y ,  e n t r y  Z T ? ~  l s n d i n g  
error  a n a l y s i s ,  l a u n c h  v e h i c l e  c a p a b i l i t y ,  entry trajectory, 
aero thermodynamics ,  and t e r m i n a l  phase sys tem a n a l y s i s .  The r e -  
s u l t s  o f  t h e s e  p a r a m e t r i c  a n a l y s e s  a r e  summarized i n  t h i s  s e c t i o n  
i n  t h r e e  g r o u p i n g s .  The f i r s t  c o v e r s  l aunch  p e r i o d ,  t a r g e t i n g ,  
and  e r r o r  a n a l y s i s ;  t h e  second c o v e r s  t h e  e n t r y  env i ronmen t ;  and 
t h e  t h i r d  c o v e r s  t h e  t e r m i n a l  phase  system compar isons  and l aunch  
v e h i c l e  c a p a b i l i t y .  

1. TARGETING AND ERROR ANALYSIS 

The t a r g e t i n g  c a p a b i l i t y  and launch  p e r i o d  s e l e c t i o n  a r e  shown 
below t o  be d i r e c t l y  r e l a t e d .  Before  d i s c u s s i n g  t h e  i m p l i c a t i o n s  
o f  l a u n c h  p e r i o d  s e l e c t i o n ,  t h e  g e n e r a l  t a r g e t i n g  c a p a b i l i t y  r e l -  
a t i v e  t o  t h e  approach  t r a j e c t o r y  ( d i r e c t  mode) o r  o r b i t  ( o r b i t  
mode) w i l l  be summarized. 

The p a r a m e t e r s  used t o  d e f i n e  t a r g e t i n g  c a p a b i l i t y  a r e  t h e  
t a r g e t i n g  p a r a m e t e r ,  B,  and o r b i t e r  l e a d  a n g l e ,  A .  These two 
p a r a m e t e r s ,  a s  w e l l  a s  t h e  r e l a y  communication l i n k  geometry  param- 
e t e r s ,  a r e  i l l u s t r a t e d  i n  f i g u r e  1. The combina t ion  o f  communica- 
t i o n  l i n k  geometry  and d e o r b i t l e j e c t i o n  AV and maneuver s t r a t e g y  
a r e  used  t o  e v a l u a t e  t h e  r ange  o f  l a n d i n g  areas t h a t  can  be 
a c h i e v e d  r e l a t i v e  t o  o r b i t .  

The communication l i n k  c o n s t r a i n t s  impose t h e  v e r s u s  A 
b o u n d a r i e s  shown i n  f i g u r e  2 f o r  the d i r e c t  mode. The b o u n d a r i e s  
i l l u s t r a t e d  g u a r a n t e e  good c a p s u l e  a n t e n n a  a s p e c t  a n g l e s  
(ac < 5 0 " ) ,  
time a f t e r  touchdown a n d  b e f o r e  l o s i n g  r e l a y  c o n t a c t  ( tTD > 5 min ) , 
and a v o i d a n c e  o f  geometry  t h a t  can l e a d  t o  m u l t i p a t h  l o s s e s  

The d a t a  i n  f i g u r e  2 show t h a t  a l l  o f  t h e s e  c o n s t r a i n t s  can  be 
s a t i s f i e d  a s  long  a s  t h e  l e a d  a n g l e  i s  a p p r o x i m a t e l y  h = -16".  
Fo r  t h e  d i r e c t  mode, t h e  a c h i e v a b l e  f3 i s  d i r e c t l y  r e l a t e d  t o  
e n t r y  f l i g h t p a t h  a n g l e ,  

u r e  3 .  The B i s  r e s t r i c t e d  a t  the low end by t h e  s k i p o u t  l i m i t  

( y E  
marg in ,  which, a s  i s  shown below, i s  s e n s i t i v e  t o  y The nominal  

c o n s i d e r e d  h e r e  i s  -21",  r e s u l t i n g  i n  a nominal p of 27" .  

s h o r t  communication range  ( p  < 5000 km), good l i n k  
C 

(BFM) - 

T h i s  r e l a t i o n s h i p  i s  shown i n  f i g -  YE * 

a p p r o x i m a t e l y  -16") and on the h i g h  end by l anded  pay load  

E' 
YE 
T h i s  r e a l l y  d e f i n e s  t h e  minimum @ t h a t  can  b e  c o n s i d e r e d  ( i n  
terms o f  p r e f l i g h t  t a r g e t i n g )  f o r  t h e  e n t r y  c o r r i d o r s  d e f i n e d  
below. 
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T a r g e t i n g  boundaries  f o r  iiie o r 5 1 t  z s d e  2rp shown i n  f i g u r e s  
4 ( a )  and 4 ( b )  f o r  the  two o r b i t s  considered (1000x15 000 and 
1000x33 070 km, r e s p e c t i v e l y ) .  The communication c o n s t r a i n t s  
once a g a i n  l i m i t  t he  r e q u i r e d  l e a d  a n g l e s  t o  approximately -17.5".  
For t h e  o r b i t  mode, the  @ l i m i t s  a r e  de f ined  by t h e  d e o r b i t  
AVD and c o a s t  t i m e  ( d e o r b i t  t o  e n t r y )  c o n s t r a i n t s .  The composite 

f3 range f o r  t h e s e  o r b i t s  i s  28 t o  4 0 " .  These f 3 ,  a s  w e l l  a s  t h e  
27" f o r  t h e  d i r e c t  mode, ensure s a t i s f y i n g  a l l  of t h e  communication 
l i n k  geometry c o n s t r a i n t s ,  power ( c o a s t  t i m e ) ,  and AV l i m i t s .  

The second a s p e c t  o f  t he  t a r g e t i n g  a n a l y s i s  i s  the  i n t e r p r e -  
t a t i o n  o f  t h e  above B l i m i t s  i n  terms o f  a c t u a l  l and ing  a r e a s .  
To do t h i s ,  t h e  geometry i l l u s t r a t e d  i n  f i g u r e  5 m u s t  be consid-  
e r e d .  The l o c a t i o n  o f  the  approach t r a j e c t o r y  p e r i a p s i s  p o s i t i o n  
r e l a t i v e  t o  the  

i t y )  i s  given by the  a n g l e  T ' :  T h i s  a n g l e ,  a f u n c t i o n  o f  t h e  
magnitude of VHE and p e r i a p s i s  a l t i t u d e ,  v a r i e s  from approx i -  

mately 52.5 t o  57.5".  U s i n g  a mean va lue  o f  55" f o r  an  example, 
t he  atmospheric  e n t r y  po in t  i s  7 '  + @ from t h e  VHE v e c t o r ,  o r  

8 2 "  f o r  t he  d i r e c t  mode and 83  t o  95" f o r  the  o r b i t  mode. The 
downrange a n g l e  t r a v e l e d  i n  t h e  atmosphere i s  approximately 1 2 "  
f o r  t he  d i r e c t  mode and 16" f o r  the  o r b i t  mode, r e s u l t i n g  i n  
touchdown p o i n t s  approximately 70" a n d  67 t o  79' from t h e  

v e c t o r  f o r  t he  d i r e c t  and o r b i t  modes, r e s p e c t i v e l y .  

v e c t o r  (approach hyperbola  asymptot ic  ve loc -  
VHE 

'HE 

The p o t e n t i a l  l o c a t i o n s  o f  t he  V v e c t o r  f o r  t he  1973 Type HE 
I Mars mis s ion  a r e  shown i n  f i g u r e  6 f o r  two v a l u e s  o f  E a r t h  
d e p a r t u r e  energy (C,) and Mars approach energy YE). Using 

v a l u e s  of C, = 30 (lcm/sec>2 and Vm = 3 . 5  km/sec a s  l i m i t i n g  

v a l u e s ,  the  l o c u s  of p o s s i b l e  l a n d i n g  a r e a s  f o r  t h e  d i r e c t  mode 
( i . e . ,  70" from the  VHE v e c t o r )  i s  shown i n  f i g u r e  7 .  Two ap-  

proach t r a j e c t o r y  examples a r e  shown t o  i l l u s t r a t e  t h a t  t h e  land-  
i n g  s i t e  l a t i t u d e  f o r  t h e  d i r e c t  mode i s  a f u n c t i o n  of approach 
t r a j e c t o r y  (and o r b i t )  i n c l i n a t i o n .  

The range o f  landing s i t e  l o c a t i o n s  a s  measured from t h e  VHE 
v e c t o r  f o r  t he  o r b i t  mode i s  not  much d i f f e r e n t  t han  t h a t  f o r  t h e  
d i r e c t  mode. Thus, the  p o s s i b l e  l and ing  a r e a  f o r  t h e  o r b i t  mode 
would be v e r y  s i m i l a r  t o  that  shown i n  f i g u r e  7 excep t  t h a t  t h e  

v e c t o r  l o c u s )  would sh r ink  3 "  and t h a t  on t h e  l e f t  would grow 9 " .  
The d i f f e r e n c e s  a r e  n e g l i g i b l e .  

l o c u s  of i n a c c e s s i b l e  a r e a  on t h e  r i g h t  e n c i r c l i n g  the  
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The p r i n c i p a l  d i f f e r e n c e  between t h e  t a r g e t i n g  c a p a b i l i t y  f o r  
t h e  two modes i s  how t h e y  a c q u i r e  a s p e c i f i c  l a n d i n g  s i t e  l o n g i -  
t u d e .  I n  t h e  d i r e c t  mode, t h i s  i s  accompl i shed  by c o n t r o l l i n g  
t h e  t ime o f  e n c o u n t e r ,  whi le  t h e  combina t ion  o f  o r b i t a l  p e r i o d  
and  t ime  i n  o r b i t  i s  used  i n  t h e  o r b i t  mode. The d i r e c t  mode 
t a r g e t i n g  c a p a b i l i t y  i n  terms o f  l a n d i n g  s i t e  l o n g i t u d e  s e l e c -  
t i o n  can  be s e r i o u s l y  compromised by t h e  need f o r  e i t h e r  s p e c i f i c  
s t a t i o n  t r a c k i n g  o r  s i m u l t a n e o u s  tvs - s t a t i o n  t r a c k i n g  d u r i n g  t h e  
c r i t i c a l  p r e e n c o u n t e r  phase  o f  t h e  m i s s i o n  and a t  o r b i t  i n s e r -  
t i o n ,  T h i s  would f i x  t h e  e n c o u n t e r  t ime of  day  t o  s p e c i f i c  t i m e s ,  
l e a d i n g  t o  l i m i t e d  l a n d i n g  s i t e  l o n g i t u d e s .  The o r b i t  mode s e n s i -  
t i v i t y  t o  t h i s  k ind  o f  c o n s t r a i n t  i s  l e s s  severe. 

A second major  d i f f e r e n c e  between t h e  mode t a r t e t i n g  capa-  
b i l i t y  i s  t h e  a b i l i t y  o f  the  o r b i t  mode t a r g e t i n g  t o  t a k e  advan-  
t a g e  o f  o r b i t  p e r i - a p s i s  p o s i t i o n i n g  a s  p a r t  o f  t h e  o r b i t  i n s e r -  
t i .on maneuver ,  
expense  of  a n  a d d i t i o n a l  0 . 4  km/sec added t o  t h e  nominal  o r b i t  
i n s e r t i o n  AV. T h i s  makes v i r t u a l l y  t h e  e n t i r e  p l a n e t  a c c e s s i b l e  
a s  a p o t e n t i a l  l a n d i n g  s i t e  ( f i g .  7) and a l s o  h a s  a d v a n t a g e  o f  
a l l o w i n g  h i g h  i n c l i n a t i o n  o r b i t s  p o s i t i o n e d  f o r  good mapping.  
Under s i m i l a r  c o n d i t i o n s ,  t h e  d i r e c t  mode l a n d i n g  s i t e s  would 
o n l y  be n o r t h  o f  a p p r o x i m a t e l y  3 5  t o  45".  

S h i f t s  a s  g r e a t  a s  45" can  be a c h i e v e d  a t  t h e  

The launch  d a t e l e n c o u n t e r  d a t e  c o m b i n a t i o n s  s a t i s f y i n g  t h e  
v e c t o r  p o s i t i o n i n g  l i m i t s  p r e s e n t e d  i n  f i g u r e  6 a r e  shown 

i n  f i g u r e  8 .  Wi thout  o r b i t  p o s i t i o n i n g ,  t h e  VHE v e c t o r  must 

be on t h e  r i g h t  s i d e  o f  t h e  l o c u s  f o r  l a n d i n g s  n e a r  t h e  t e r m i n -  
a t o r  l e a d i n g  t o  l aunch  p e r i o d s  i n  e a r l y  J u l y  1973,  and e n c o u n t e r s  
d u r i n g  l a t e  J a n u a r y l e a r l y  F e b r u a r y  1974.  The h i g h  i n c l i n a t i o n  
mapping o r b i t s  r e q u i r e  1-aunches d u r i n g  l a t e  J u l y l e a r l y  August  
1973,  and  encoun te r  d u r i n g  A p r i l  1973.  The 30-day  l a u n c h  p e r i o d ,  
which o p t i m i z e s  l aunch  v e h i c l e  pe r fo rmance ,  i s  shown f o r  r e f e r -  
e n c e .  

The e n t r y  c o r r i d o r s  and l a n d i n g  f o o t p r i n t s  f o r  t h e  d i r e c t  
and o r b i t  modes a r e  shown i n  f i g u r e s  9 and 10, r e s p e c t i v e l y .  
The d i r e c t  mode d a t a  a r e  p r e s e n t e d  a s  a f u n c t i o n  o f  b - v e c t o r  
u n c e r t a i n t y  where t h e  b o u n d a r i e s  on t h e  r i g h t  , l a b e l e d  "maximum," 
a r e  c o n s i s t e n t  w i t h  c u r r e n t  DSN c a p a b i l i t y ,  and t h o s e  on  t h e  l e f t ,  
l a b e l e d  "minimum," a r e  e x p e c t e d  c a p a b i l i t y  i n  1973.  The minimum 
l e v e l  can  a l s o  be a c h i e v e d  assuming c u r r e n t  c a p a b i l i t y  w i t h  t h e  
a d d i t i o n  o f  a p l a n e t  t r a c k e r  coup led  t o  a sun  and  Canopus t r a c k e r  
on t h e  o r b i t e r  a s  d i s c u s s e d  i n  t h e  gu idance  and  c o n t r o l  s e c t i o n .  



F i g u r e  8.- Launch Da te IEncoun te r  Date  
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These s e x t a n t  r e a d i n g s  coupled  w i t h  t h e  E a r t h - b a s e d  d o p p l e r  d a t a  
a c q u i r e d  i n  t h e  300 000 t o  100 000 km from Mars r a n g e  w i l l  r e d u c e  
t h e  b - v e c t o r  u n c e r t a i n t i e s  t o  l e s s  t h a n  40 km w i t h  c u r r e n t  DSN 
c a p a b i l i t y .  The e n t r y  c o r r i d o r s  shown i n  f i g u r e  9 ( a )  w i l l  r e -  
s u l t  i n  maximum 

The l a n d i n g  f o o t p r i n t  d i s p e r s i o n s  shown i n  f i g u r e  9 ( b )  v a r y  from 
120 t o  220 km ( l a )  i n  downrange u n c e r t a i n t y  and a p p r o x i m a t e l y  18 
km crc  s s r a p g e  . 

b '  
o f  24 t o  33' (3a)  a s  a f u n c t i o n  o f  u -YE 

The o r b i t  mode e n t r y  c o r r i d o r s  a r e  shown i n  f i g u r e  1 0 ( a )  a s  
.a f u n c t i o n  o f  t a r g e t i n g  p a r a m e t e r ,  f3, f o r  b o t h  t h e  o r b i t s  con-  
s i d e r e d .  The c o r r e s p o n d i n g  l a n d i n g  f o o t p r i n t s  a r e  shown i n  f i g -  
u r e  1 0 ( b ) .  The maximum 

i n g  f o o t p r i n t s  a r e  60 t o  120 km downrange ( l a )  and l e s s  t h a n  5 
km c r o s s r a n g e .  

a r e  l e s s  t h a n  18' (30) and t h e  l a n d -  -YE 

2 .  ENTRY ENVIRONMENT 

The major d i f f e r e n c e s  i n  t h e  e n t r y  phase  envi ronment  as  a 
f u n c t i o n  o f  m i s s i o n  mode a r e  t h e  l e v e l  o f  pealc e n t r y  l o a d  f a c t o r  
and aerodynamic h e a t i n g  l e v e l s .  The d i f f e r e n c e s  i n  peak l o a d  
f a c t o r  a r e  shown i n  f i g u r e  11 f o r  t h e  c o m b i n a t i o n  o f  e n t r y  v e l o c -  
i t y  and atmosphere t h a t  maximize and minimize l o a d  f a c t o r .  The 
peak l o a d  f a c t o r s  v a r y  from 5 t o  31 ( E a r t h )  g f o r  t h e  o r b i t  mode 
and 11 t o  8 4  g f o r  t h e  d i r e c t  mode, These d i f f e r e n c e s  a r e  n o t  
p a r t i c u l a r l y  s i g n i f i c a n t .  

R e p r e s e n t a t i v e  h e a t i n g  r a t e s  and t o t a l  h e a t  l o a d s  f o r  e n t r y  
v e l o c i t i e s  c o v e r i n g  b o t h  modes a r e  shown i n  f i g u r e s  1 2  and 13. 
These d a t a  i l l u s t r a t e  t h a t  t h e  e n t r y  h e a t i n g  envi ronment  i s  r e l -  
a t i v e l y  m i l d  f o r  e i t h e r  mode and w e l l  w i t h i n  c u r r e n t  h e a t  s h i e l d  
technology.  The h e a t  s h i e l d  i s  d e s i g n e d  p r i m a r i l y  a s  a n  i n s u l a -  
t o r  a g a i n s t  t h e  t o t a l  h e a t  l o a d .  The major  d i f f e r e n c e  between 
t h e  modes i s  t h a t  t r a n s i t i o n  t o  t u r b u l e n t  f l o w  i s  more l i k e l y  f o r  
t h e  d i r e c t  mode, l e a d i n g  t o  h e a t i n g  ra tes ,  on  t h e  cone edge t h a t  
a r e  h i g h  enough t h a t  t h e y  become a f a c t o r  i n  h e a t  s h i e l d  m a t e r i a l  
s e l e c t i o n ,  H e a t i n g  r a t e s  above a p p r o x i m a t e l y  100 B t u / f t 2 - s e c  w i l l  
r e q u i r e  h i g h e r  d e n s i t y  m a t e r i a l s ,  i n c r e a s i n g  t h e  h e a t  s h i e l d  w e i g h t .  
Adoption o f  t h e  d i r e c t  mode w i l l  r e q u i r e  a somewhat more e x t e n s i v e  
aerothermodynamic t e s t  program t o  e v a l u a t e  t r a n s i t i o n ,  r a d i a t i v e  
h e a t i n g ,  and b a s e  h e a t i n g  t h a n  would be r e q u i r e d  f o r  t h e  o r b i t  
mode. 

18 



80 

io 

40 

20 

0 

F i g u r e  11.- Peak Load Fac tor  L i m i t s ,  O r b i t  and Direct Modes 

1 9  



m 
0 
4 

X 

0 0 
0 
hl 

3 
hl 

m 
a 

W 

a 

w 
P 

20 



M 
0 
rl 

X 

0 0 
0 0 
.j 0 
c-4 c\1 

0 

2 
0 
0 co 

$4 
aJ u 
aJ 
E 
cd 

.I4 
n 
.) 

0 m 
0 

I 
m 
.) 

e 
0 
to 

.I4 
$4 
cd a 

V 

a 

5 

21 



3 .  TERMINAL PHASE SYSTEM AND LAUNCH VEHICLES 

The 2rminal  phase  systems compared in t h i s  a n a l y s i s  a r e :  

1) Subsonic  t y p e  p a r a c h u t e  deployed  a t  % = 2 w i t h  

v e r n i e r  r o c k e t  l a n d i n g  moto r s ;  

2)’ Tuckback b a l l u t e s  deployed  a t  % i= 3 and % = 5  

wi.th v e r n i e r  r o c k e t  l a n d i n g  moto r s ;  

3 )  A l l - r e t r o  t e r m i n a l  phase sys t em.  

The p r o p u l s i o n  sys t ems  used  i n  t h e  compar isons  g i v e n  below a r e  
t h r e e - e n g i n e  a r r angemen t s  w i t h  m o n o p r o p e l l a n t s  

used w i t h  a e r o d e c e l e r a t o r s  and b i p r o p e l l a n t s  
used  w i t h  t h e  a l l - r e r r o  sys t em.  

(Isp = 225 s e c )  

(Isp = 285 s e c )  

The summary comparison p r e s e n t e d  h e r e  i s  based  o n  two d i f f e r -  
e n t  c r i t e r i a .  The f i r s t  i s  maximum pounds o n  t h e  ground p e r  f o o t  
a e r o s h e l l  d i a m e t e r  and t h e  second i s  maximum pounds o n  t h e  ground 
p e r  pound e n t r y  w e i g h t .  The d a t a  a r e  compared on t h e  b a s i s  o f  
u s e f u l  landed  equipment  w e i g h t ,  W e n t r y  w e i g h t ,  W and 

t o t a l  c a p s u l e  sys tem w e i g h t ,  

d e f i n e d  a s  e n t r y  we igh t  m i  nus  a e r o s h e l l ,  t o t a l  l oaded  t e r m i n a l  
phase  sys tem,  l a n d i n g  l e g s  and  landed  s t r u c t u r e ,  d i a m e t e r  s e n s i -  
t i v e  c a b l i n g ,  p y r o t e c h n i c  subsys t em,  e n t r y  t h e r m a l  c o n t r o l  w e i g h t s ,  
and a t t i t u d e  c o n t r o l  sys tem (ACS) w e i g h t s .  T o t a l  c a p s u l e  sys t em 
w e i g h t ,  W 

p r o p u l s i o n  module, c a p s u l e - t o - o r b i t e r  a d a p t e r  and adap te r -moun ted  
equipment ,  and s t e r i l i z a t i o n  c a n i s t e r .  The compar i sons  p r e s e n t e d  
below assume a l a n d i n g  a t  a t e r r a i n  h e i g h t  o f  6000 f t  o v e r  mean 
Mars s u r f a c e  l e v e l  and most a d v e r s e  a tmosphe re  

combina t ions  (VM-7 a n d / o r  VM-8). 

LE ’ E’ 
i s  LE ’ ~ T,anded equipment ,  W wc s 

i s  d e f i n e d  a s  e n t r y  w e i g h t  p l u s  d e o r b i t / e j e c t i o n  CS’ 

(Rd = 3393 km) 

‘LE The compar ison  o f  t e r m i n a l  phase  sys t ems  t h a t  maximize 

p e r  f o o t  a e r o s h e l l  d i a m e t e r  a r e  shown i n  f i g u r e  14 f o r  a e r o s h e l l  
d i a m e t e r s  of 8.5 and 15 f t .  The d a t a  a r e  shown f o r  a l l  sys t ems  
and i n d i c a t e  v a r i a t i o n s  o f  b o t h  and W w i t h  e n t r y  f l i g h t -  wc s LE 
p a t h  a n g l e .  The o r b i t  mode da t a  show b e s t  W f o r  t h e  b a l l u t e  LE 
c o n f i g u r a t i o n s ,  b u t  t h e y  a l s o  have  t h e  maximum t o t a l  c a p s u l e  s y s -  
tem w e i g h t .  The d i r e c t  mode d a t a  show a s imilar  t r e n d  a s  f a r  a s  
t h e  a e r o d e c e l e r a t o r s  a r e  conce rned ,  b u t  t h e  a l l - r e t r o  sys t em p ro -  
v i d e s  t h e  g r e a t e s t  w~~ * 
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F i g u r e  14.- Te rmina l  Phase  System Comparison, Maximum W p e r  Diameter LE 

The l aunch  v e h i c l e  per formance  c a p a b i l i t y  (optimum 30-day  l a u n c h  
p e r i o d )  i s  a l s o  i n d i c a t e d  on  t h e  f i g u r e .  Comparison o f  o r b i t  mode 
8 .5  f t  d i a m e t e r ,  and d i r e c t  mode 15 f t  d i a m e t e r ,  shows t h a t  b o t h  
have  WLE 

It  i s  no ted  h e r e  t h a t  t h e  v a r i a t i o n  o f  i n d i c a t e d  w e i g h t  w i t h  diam- 
e t e r  a r e  n e a r l y  l i n e a r .  

i n  t h e  same r a n g e  and b o t h  r e q u i r e  t h e  T i t a n  I I I C / C e n t a u r ,  

'LE 
Two c a s e s  a r e  compared f o r  t h e  c r i t e r i o n  t h a t  maximized 

p e r  pound e n t r y  w e i g h t .  The f i r s t  i s  f o r  a c o n s t a n t  W = 600 l b ,  

and t h e  second i s  c o n s t a n t  

summarized i n  f i g u r e  15. 

LE 
WE = 1500 l b .  These two c a s e s  a r e  
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The o r b i t  mode compar ison  o f  t h e s e  c a s e s  show t h a t  t h e  % = 2  
p a r a c h u t e  sys tem p r o v i d e s  t h e  b e s t  o v e r a l l  pe r fo rmance .  The d i -  
r e c t  mode comparison a g a i n  shows t h e  a l l - r e t r o  sys t em b e s t  w i t h  
t h e  % = 2 p a r a c h u t e  sys t em showing b e s t  a e r o d e c e l e r a t o r  p e r -  

formance o n l y  a t  t h e  s h a l l o w e r  y E .  The super imposed  l a u n c h  v e -  

h i c l e  c a p a b i l i t y  shows, once  a g a i n ,  t h a t  t h e  T i t a n  I I I C / C e n t a u r  
i s  t h e  o n l y  l a u n c h  v e h i c l e  t h a t  s a t i s f i e s  t h e s e  examples .  It was 
n o t e d  above t h a t  t h e  l aunch  v e h i c l e  c a p a b i l i t y  shown i s  f o r  t h e  
optimum 30-day l aunch  p e r i o d .  The T i t a n  I I I C / C e n t a u r  c a p a b i l i t y  
f o r  t h e  combina t ion  o f  C, = 30 (km/sec )2  and VHE = 3 . 5  km/sec 

used  i n  t h e  t a r g e t i n g  a n a l y s i s  i n  a p r e v i o u s  s u b s e c t i o n  i s  2360 
l b  f o r  t h e  o r b i t  mode and 4360 l b  f o r  t h e  d i r e c t  mode. 



T h i s  c a p a b i l i t y  i s  s t i l l  h i g h e r  t h a n  t h a t  r e q u i r e d  f o r  t h e  ex- 
amples  shown i n  f i g u r e  15. ( I t  i s  no ted  h e r e  t h a t  a l l  o f  t h e  
quo ted  l aunch  v e h i c l e  per formance  i s  based  on a u s e f u l  i n - o r b i t  
o r b i t e r  w e i g h t ,  no p r o p u l s i o n  sys tem,  o f  890 l b . )  The r e q u i r e d  
a e r o s h e l l  d i a m e t e r s  f o r  t h e  examples s'nowhirl ii-1 f i g i r e  15 = r e  shown 
i n  f i g u r e  1 6 .  It i s  s e e n  t h a t  t h e  o r b i t  mode r e q u i r e s  d i a m e t e r s  
l e s s  t h a n  1 2  f t  w h i l e  t h e  d i r e c t  mode d i a m e t e r s  a r e  g e n e r a l l y  1 6  
f t  o r  l e s s .  

A more d e t a i l e d  summary f o r  t h e  % = 2 p a r a c h u t e  sys t em w i t h  

monoprope l l an t  v e r n i e r s  i s  shown i n  f i g u r e  1 7 .  The b a s i c  d a t a  i s  
p r e s e n t e d  as  t o t a l  c a p s u l e  sys tem w e i g h t ,  Wcs ,  v e r s u s  e n t r y  

f l i g h t  p a t h  a n g l e ,  y E ,  a t  c o n s t a n t  v a l u e s  o f  l a n d e d  equipment  

w e i g h t ,  WLE. These c h a r a c t e r i s t i c s  a r e  shown f o r  b o t h  t h e  O r b i t  

and  D i r e c t  Modes, 
f l i g h t  p a t h  a n g l e  t h a t  e x i s t s  f o r  t h e  D i r e c t  Mode. 
a e r o s h e l l  d i a m e t e r s  maximum W 

r e f e r e n c e  a s  a r e  t h e  optimum 30 day  l aunch  p e r i o d  v e h i c l e  per form-  
a n c e  c a p a b i l i t y  f o r  e a c h  of  t h e  v e h i c l e s  c o n s i d e r e d .  A l s o  s u p e r -  
imposed a r e  two O r b i t  Mode and one D i r e c t  Mode p o i n t  d e s i g n s  which 
a r e  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n  o f  t h i s  r e p o r t .  

These d a t a  show t h e  s e n s i t i v i t y  t o  d e s i g n  e n t r y  
The r e q u i r e d  

enve lope )  a r e  super imposed  f o r  LE i 
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F i g u r e  1 7 . -  A e r o d e c e l e r a t o r  C a p s u l e  System Weight Summary 

The above  compar isons  i l l u s t r a t e  t h a t  t h e  d i f f e r e n c e s  between 
sys tems and modes a r e  s e n s i t i v e  t o  t h e  c h o i c e  o f  c r i t e r i a  used  t o  
make t h e  compar i son .  O the r  f a c t o r s  t h a t  m u s t  be c o n s i d e r e d  a r e  
t h a t  t h e  packag ing  and r e l e a s e  c h a r a c t e r i s t i c s  f o r  t h e  s u b s o n i c  
t y p e  p a r a c h u t e  sys tem have t o  be e a s i e r  t h a n  t h o s e  f o r  b a l l u t e s ,  
p a r t i c u l a r l y  when a r e q u i r e m e n t  o n  t h e  a e r o d e c e l e r a t o r s  i s  t h a t  
t h e y  s e p a r a t e  t h e  payload  from t h e  a e r o s h e l l .  The a l l - r e t r o  sys-  
tem per formance  m u s t  be such  t h a t  i t  w i l l  e f f e c t  a e r o s h e l l  s e p a -  
r a t i o n  ( n o t  c o n s i d e r e d  i n  t h i s  s t u d y )  and  i s  s e n s i t i v e  t o  t h r u s t -  
t o -we igh t  r a t i o  ( t h r o t t l i n g  r e q u i r e m e n t s ) .  

2 6  



4 .  CONCLUSIONS 

The compar ison  u i  t h e  missicr? modes based  on t h e  p a r a m e t r i c  
per formance  s t u d i e s  d i s c u s s e d  above i s  summarized w i t h  t h e  t o i i o w -  
i n g  c o n c l u s i o n s :  

Both modes r e q u i r e  t h e  T i t a n  I I I C / C e n t a u r  t o  d e l i v e r  
u s e f u l  p a y l o a d s  o f  600 l b  and s t i l l  have a u s e f u l  
o r b i t i n g  s c i e n c e  m i s s i o n ;  

I d e a l i z e d  t a r g e t i n g  c a p a b i l i t y  o f  b o t h  modes i s  v i r -  
t u a l l y  i d e n t i c a l .  However, t h e  a d d i t i o n a l  f l e x i b i l i t y  
o f  t h e  o r b i t  mode a l l o w s  i t  t o  m a i n t a i n  l a n d i n g  s i t e  
s e l e c t i o n  f l e x i b i l i t y  w h i l e  s t i l l  s a t i s f y i n g  r i g o r o u s  
DSN t r a c k i n g  r e q u i r e m e n t s  and o r b i t i n g  s c i e n c e  de-  
s i res ;  

The o r b i t  mode e n t r y  c o r r i d o r s  a r e  l e s s  s e n s i t i v e  t o  
u n c e r t a i n t i e s  i n  t h e  a s t r o n o m i c a l  and  p h y s i c a l  con- 
s t a n t s  ( n o t a b l y  p l a n e t  ephemer i s )  and  have  smaller 
touchdown p o i n t  d i s p e r i o n s  ; 

D i f f e r e n c e s  i n  e n t r y  envi ronment  a r e  n e g l i g i b l e ,  b u t  
w i l l  r e q u i r e  more e x t e n s i v e  aerothermodynamic t e s t i n g  
f o r  t h e  d i r e c t  mode t o  o b t a i n  t h e  same c o n f i d e n c e  i n  
t h e  e n t r y  v e h i c l e  d e s i g n ;  

Requ i red  a e r o s h e l l  d iameters  a r e  s u f f i c i e n t l y  c l o s e  
t o  maximum a l l o w a b l e  w i t h i n  c u r r e n t  1 0 - f t  shroud t o  
p r o b a b l y  r e q u i r e  some hammerheading. I f  t h i s  i s  done ,  
t h e  = 2 p a r a c h u t e  sys tem i s  t h e  b e s t  o v e r a l l  t e r -  

mina l  phase  sys t em f o r  t h e  o r b i t  mode. Use o f  t h e  
d i r e c t  mode s u g g e s t  a n  a l l - r e t r o  sys t em,  b u t  t h i s  r e -  
q u i r e s  more d e t a i l e d  a n a l y s i s  of t h r u s t - t o - w e i g h t  
r a t i o s  a s  i t  r e l a t e s  t o  a e r o s h e l l  s e p a r a t i o n ,  p e r -  
formance s e n s i t i v i t y ,  and  e n g i n e  t h r o t t l i n g  r e q u i r e -  
men t s .  

The o v e r a l l  per formance  a n a l y s i s  s u g g e s t s  t h e  o r b i t  mode w i t h  
t he  M,, = 2 

b i n a t i o n  t h a t  p r o v i d e s  b o t h  t o t a l  sys tem w e i g h t  e f f i c i e n c y  and h a s  
t h e  g r e a t e s t  p o t e n t i a l  f o r  s u c c e s s f u l  d e l i v e r y  o f  t h e  l anded  s c i -  
e n c e .  

p a r a c h u t e l v e r n i e r  t e r m i n a l  phase  sys tem a s  t h e  com- 
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CONFIGURATION STUDIES 

1. PREFERRED APPROACH 

The p r e f e r r e d  c o n f i g u r a t i o n  of  t h o s e  examined i n  t h i s  s t u d y  
i s  based  on a 1 0 S - f t  a e r o s h e l l  d i a m e t e r  

from o r b i t .  T h i s  c o n f i g u r a t i o n  i s  shown i n  f i g u r e  18. The l anded  
equipment w e i g h t  o f  6 2 7  l b  i n c l u d e s  a 10% marg in  and p r o v i d e s  
f o r  a l l  of t h e  e n t r y  and l anded  s c i e n c e  s p e c i f i e d  f o r  t h i s  s t u d y ,  
The t o t a l  sys tem c a p s u l e  we igh t  o f  1982 l b  a l s o  i n c l u d e s  a 10% 
margin  on a l l  s y s t e m s ,  The e n t r y  b a l l i s t i c  c o e f f i c i e n t  o f  0.35 
p e r m i t s  d e p l o y i n g  a Mach 2 p a r a c h u t e  20 000 f t  above t h e  mean 
s u r f a c e  l e v e l  when o p e r a t i n g  i n  t h e  w o r s t  of t h e  VM a tmosphe res  
(VM-8). Th i s  combina t ion  o f  per formance  p r o v i d e s  s u f f i c i e n t  
t ime on t h e  p a r a c h u t e  t o  pe rmi t  l a n d i n g  on t h e  maximum t e r r a i n  
h e i g h t  examined i n  t h i s  s t u d y  -- 6000 f t .  

(BE = 0.35) and e n t e r s  

The goa l  o f  s e v e r a l  weeks l i f e t i m e  on t h e  s u r f a c e  i s  met w i t h  
t h e  combina t ion  s o l a r  a r r a y l b a t t e r y  power s y s t e m .  
f i r s t  two days  o f  o p e r a t i o n  on t h e  s u r f a c e  i s  g u a r a n t e e d  by s i l v e r -  
z i n c  b a t t e r i e s .  During t h e  f i r s t  two d i u r n a l  c y c l e s ,  imaging e x -  
p e r i m e n t s  a r e  conducted  and r e q u i r e  t h e  t r a n s m i s s i o n  o f  l o 7  b i t s  
o f  d a t a  v i a  a r e l a y  l i n k  th rough  t h e  o r b i t e r .  Expe r imen t s  beyond 
t h e  second day  a r e  l i m i t e d  t o  w e a t h e r - t y p e  i n f o r m a t i o n .  The s o l a r  
a r r a y  and a n icke l -cadmium b a t t e r y  a r e  used  as t h e  ex tended-miss ion  
power s o u r c e .  These d a t a  a r e  t r a n s m i t t e d  v i a  a M'ary  noncoheren t  
S-band l i n k  d i r e c t l y  t o  E a r t h .  

E n t r y  and t h e  

The 5 4 - f t  w ide  o c t a g o n  l anded  c o n f i g u r a t i o n  p e r m i t s  o v e r a l l  
packaging  d e n s i t i e s  as l o w ' a s  32 l b / f t 3 .  The volume w i t h i n  t h e  
a e r o s h e l l  i s  such  t h a t  t h e  l a n d e r  and i t s  l e g s  c a n  be e a s i l y  
s towed.  

T h i s  c o n f i g u r a t i o n ,  used i n  c o n j u n c t i o n  w i t h  t h e  9 5 0 - l b  o r b i t a l  
s p a c e c r a f t  r e q u i r e s  t h e  T i t a n  I I I C I C e n t a u r  l a u n c h  v e h i c l e .  A 10%- 
f t  d i a m e t e r  a e r o s h e l l  r e q u i r e s  a 1 2 - f t  d i a m e t e r  bu lbous  shroud on 
t h e  l aunch  v e h i c l e .  The c a p s u l e ,  o r b i t e r ,  and sh roud  a r e  shown 
i n t e g r a t e d  w i t h  t h e  C e n t a u r  s t a g e  of t h e  l a u n c h  v e h i c l e  i n  f i g u r e  
19.  
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It i s  p e r t i n e n t  t o  s t a t e  t h a t  w h i l e  t h i s  i s  t h e  p r e f e r r e d  
c o n f i g u r a t i o n  of t h o s e  examined i n  t h e  p r e s e n t  s t u d y ,  b e f o r e  t h i s  
recommendation i s  a c c e p t e d  f o r  t h e  ‘73 m i s s i o n ,  f u r t h e r  c o n s i d e r a -  
t i o n  should  be g i v e n  t o  t h e  d e t e r m i n a t i o n  of t h e  maximum d i a m e t e r  
a e r o s h e l l  t h a t  w i l l  go i n  t h e  T i t a n  I I I C / C e n t a u r  sh roud  and t o  
t h e  manner i n  which a l l  d e s i g n  c r i e t e r i a  a r e  s u p p l i e d .  I n  t h e  
p r e s e n t  s t u d y ,  w o r s t  c a s e s  were added l i n e a r i l y ,  which i s  e x t r e m e l y  
c o n s e r v a t i v e .  

2 .  ALTERNATIVE CONFIGURATIONS CONSIDERED 

The a l t e r n a t i v e  c o n f i g u r a t i o n s  examined as p o i n t  d e s i g n s  i n  
t h e  p r e s e n t  s t u d y  a r e  shown i n  t a b l e  1. The p r e f e r r e d  c o n f i g u r a -  
t i o n  d e s c r i b e d  above i s  C o n f i g u r a t i o n  1 B .  C o n f i g u r a t i o n  1 o p t i o n s  
a l l  e n t e r  from o r b i t ,  w h i l e  C o n f i g u r a t i o n  2 o p t i o n s  e n t e r  d i r e c t l y  
from t h e  approach  t r a j e c t o r y .  These  s e t s  of c o n f i g u r a t i o n s  were  
in t ended  t o  r e p r e s e n t  c a p s u l e  d e s i g n  a s s o c i a t e d  w i t h  t h e  f i r s t  
l a n d i n g s  on Mars. A l l  of them p r o v i d e  t h e  s t i p u l a t e d  s c i e n c e  
equipment and have a b a s i c  l anded  equipment w e i g h t  of 570 l b .  
A s  no ted  e a r l i e r ,  C o n f i g u r a t i o n  1B p r o v i d e s  € o r  a 10% marg in  above 
t h e  p r e s e n t  r e q u i r e m e n t s .  C o n f i g u r a t i o n  3 was i n t e n d e d  t o  r e p r e -  
s e n t  a growth v e r s i o n  f o r  l a t e r  m i s s i o n s .  The l anded  equipment 
we igh t  i s  a lmos t  2 %  t i m e s  t h a t  o f  t h e  o t h e r  c o n f i g u r a t i o n s .  

C o n f i g u r a t i o n  1 A  was deve loped  t o  be i d e n t i c a l  i n  c o n c e p t  
w i t h  C o n f i g u r a t i o n  lB, b u t  was c o n s t r a i n e d  t o  f i t  w i t h i n  a n  8%-  
f t  d i a m e t e r  a e r o s h e l l .  The b a s i c  sys t ems  w i t h o u t  any  marg in  f o r  
r e l i a b i l i t y  c o n s i d e r a t i o n s  r e s u l t e d  i n  a n  e n t r y  b a l l i s t i c  c o e f -  
f i c i e n t  o f  0 .47 .  I n  a l l  o t h e r  r e s p e c t s ,  t h e  sys t ems  approach  
d e s c r i b e d  f o r  t h e  p r e f e r r e d  c o n f i g u r a t i o n  i s  t h e  same € o r  t h i s  
c o n f i g u r a t i o n .  

The p r i n c i p a l  f a c t o r s  a g a i n s t  t h i s  c o n f i g u r a t i o n  a r e  t h e  
packaging  d e n s i t y  r e q u i r e m e n t s ,  and t h e  l a n d i n g  g e a r  s towage ,  
and e n g i n e  l o c a t i o n  p rob lems .  While t h i s  c o n f i g u r a t i o n  was r e -  
j e c t e d  as b e i n g  t o o  small i n  p h y s i c a l  d i m e n s i o n s ,  p a r t i c u l a r l y  
a t  t h i s  s t a g e  of t h e  program, no a t t e m p t  was made t o  examine 
s l i g h t l y  l a r g e r  c o n f i g u r a t i o n s  t h a t  would a l s o  € i t  w i t h i n  t h e  
T i t a n  I I I C / C e n t a u r  s h r o u d .  T h i s  s h o u l d  be examined as n o t e d  
e a r l i e r .  
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Three configurations were examined for the direct entry case, 
Direct entry does, in fact, offer the potential of a smaller 
launch vehicle than the Titan IIIC/Centaur, but at the expense 
of orbital science. Configuration 2 options are all based on the 
same 570-lb landed equipment weight as Configuration 1 A .  Configu- 
rations 2A and 2B are identical insofar as the capsule design ap- 
proach is concerned. 
figurations lies in the orbiter. With Configuration 2A, the 950- 
l b  Mariner spacecraft is used as the orbiter and provides the same 
orbital science that was used in the out-of-orbit configuration. 
Configuration 2B uses the same spacecraft, but with all of the 
orbital science and its support equipment removed. This reduction 
in weight permits the use of a smaller launch vehicle, 

The only difference between the two con- 

The most unique configuration examined in this study was the 
autonomous capsule approach (Configuration 2C). This approach 
varies significantly from the other configurations in that the 
trans-Mars orbiter and capsule functions are combined. That is, 
powero communications, and guidance functions during trans-Mars 
cruise that are provided by the orbiter in the other designs are, 
in this approach, provided by the capsule. This approach has the 
advantage of matching the performance capability of the existing 
Titan IIIC launch vehicle. It is the least well understood of 
the approaches, the most complex of the capsule designs, and the 
weights must be considered optimistic. 
would undoubtably come with further study, in fact, the ability 
to stay within the Titan I11 capability would require more ex- 
tensive examiriatiori before it could b e  assured. 

Significant weight growth 
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3 .  CONCLUSIONS 

The c o n f i g u r a t i o n s  t h a t  seem t o  m e r i t  t h e  most c o n s i d e r a t i o n  
f o r  t h e  ‘73 o p p o r t u n i t y  are  t h o s e  i n c l u d i n g  t h e  c a p a b i l i t y  f o r  
o r b i t e r  s c i e n c e ,  i . e . ,  C o n f i g u r a t i o n s  l A ,  l B ,  and 2 A .  A pe r fo rm-  
ance  compar ison  o f  t h e s e  c o n f i g u r a t i o n s  i s  p r e s e n t e d  i n  t a b l e  2 ,  
and a summary w e i g h t  compar ison  i s  shown i n  t a b l e  3 .  The landed  
sys tem approach  i n  t h e s e  t h r e e  a r e  i d e n t i c a l ,  a l t h o u g h  a w e i g h t  
marg in  h a s  been  p rov ided  i n  t h e  p r e f e r r e d  a p p r o a c h .  E i t h e r  t h e  
d i r e c t  mode o r  t h e  o u t - o f - o r b i t  m i s s i o n  mode i s  f e a s i b l e .  The 
e f f e c t s  on c a p s u l e  sys t ems  a r e  s l i g h t  i n  t h a t  t h e  e n t r y  e n v i r o n -  
ments  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  As t h e  T i t a n  I I I C / C e n t a u r  
i s  r e q u i r e d  f o r  a l l  o f  t h e s e  c o n f i g u r a t i o n s ,  and t h e  c a p s u l e s  
sys t em a r e  n o t  s i g n i f i c a n t l y  a f f e c t e d  by t h e  m i s s i o n  mode, t h e  
c h o i c e  of t h e  o r b i t a l  mode was based on t h e  m i s s i o n  f l e x i b i l i t y  
c o n s i d e r a t i o n s  t h a t  a r e  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  o f  t h e  
r e p o r t .  While t h e  1 0 5 - f t  c o n f i g u r a t i o n  i s  t h e  p r e f e r r e d  approach  
o f  t h o s e  examined i n  t h i s  s t u d y ,  a s t a t i s t i c a l  approach  of t h e  
a p p l i c a t i o n  o f  t h e  d e s i g n  r e q u i r e m e n t s  and e n v i r o n m e n t s ,  and a 
more d e t a i l e d  e x a m i n a t i o n  of  t h e  shroud c a p s u l e  i n t e r f a c e  may, 
i n  f a c t ,  p r o v i d e  t h e  b a s i s  whereby the  o u t - o f - o r b i t  mode c a n  b e  
accompl i shed  w i t h i n  t h e  e x i s t i n g  T i t a n  I11 s h r o u d .  
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TABLE 2 - MISSION, SEQUENTIAL WEIGHT, AND SUBSYSTEM PARAMETERS, CONFIGURATIONS l A ,  ZB, AND 2A 

P a r a m e t e r  

M i s s i o n  

L a n d i n g  s i t e  s u r v e y  b e f o r e  s e p a r a t i o n  

AV d e o r b i t / d e f l e c t i o n ,  m/sec 

C o a s t  time (max. ) ,  h r  

T a r g e t i n g ,  d e g  

'nom 

'min 

'"ax 

VE'  f p a  

'max 

%ax * 

Q ,  B t u / f t '  

q ,  B t u / f t ^  sec 

, l b / f t 2  

f t / s e c 2  

q, p a r a c h u t e  d e p l o y m e n t ,  l b / f t ;  

Time on  p a r a c h u t e ,  sec 

V e r n i e r  i g n i t i o n  a l t i t u d e ,  f t  

A l t i t u d e  of Mach 2 ,  f t  (above  MSL) 

T e r r a i n  e l e v a t i o n ,  f t  

\,!eight, l b  

Landed equipment  

U s e f u l  landed 

Landed 

V e r n i e r e d  

E n t r \ ,  

S e p a r a t e d  

C a p s u l e  system 

Launch v e h i c l e  

S t r u  c t u  r 6, s 

A e r o s t i e l l  

Diameter ,  f t  

E a 1  l i s t i c  c o e f f i c i e n t ,  s l / f t '  

S t r u c t u r e  w e i g h t ,  l b  

A h I a t o r  w e i g h t ,  I b  

A h l a t o r  t h i c k n e s s ,  i n .  

O r b i t a  

1A 
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8 

'31 b34 

27 26.5 

35 43 

'15 100  t o  1 4  400 

250 

18 

1300 

20 

1 6  

40 

4000 

-18 - 1 6  

13 000 1 6  000 

0 6000 
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8& 5 
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1383 

1558 

1723 

T I I I C / C e n t a u r  

8 . 5  

.46b  

7 2  

4 4 . 5  

.b8 

7 -  
1 3  
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8 

a31 b 3 4  

27 26.5 

35 43  

'15 100  t o  1 L  400 

180 

18 
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1 5 . 5  

13 

65 

LOO0 

-18  -18 

20 000 10  000 

0 boo0 

61 7 
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1209 

1 5 5 1  

1751 

1982 

TIIIC/Lc n t a u r  

1 0 . 5  

. 3 5  

102 

j 6  

.68 

D i r e c t  

No 

75 

8 

None 

1 9  900 

380 

34  

1700 

42 

20 

25 

4000 

- 2 4  - 2 1  

11 000 1 5  000 

0 6000 

570 

914 

1031 

1148 

1649 

1 8 7 3  

.!077 

1'1 I I C /  Ct.n t a  u I 

1 0 . 7 5  

. 3 5  

1b3 
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TABLE 3 . -  SUMMARY WEIGHT COMPARISON 
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T o t a l  f l i g h t  c a p s u l e  

Can i s t e r  

Margin 

Separated weight 

Propuls ion snd S t r u c t u r e  

P r o p e l l a n t  and ACS 

Margin 

En t ry  weight 

Aeroshe l l  and ACS 

Science i n  a e r o s h e l l  

Parachute  

Base cover 

Margin 

Vernier  weight 

P r o p e l l a n t  and ACS 

Landed weight 

P ropu l s ion  

Useful  landed weight  

S t r u c t u r e  

ACS 

Power 

Guidance and c o n t r o l  

Te 1 ec ommunica t i ons 

Thermal c o n t r o l  

Pyrotechnic  

Science 

Margin 

Weight of landed equipment 

LA 
1723) 

165 
---- 
1558) 

91 

84 
---- 
L383) 

128 

18 

169 
---- 
- - - -  
1068) 
LO9 

(959) 
114 

(845) 
156 

33 

211 

131 

93 

87 

49 
85 

- - - -  

211 
131 

76 

67 

85 

(570) 

1 B  

(1982) 

219 

22 

(1741) 

97 

93 

10 

(1541) 

197 

18 

90 
---- 
27 

(1209) 
114 

(1095) 
125 

(970) 
168 
33 

211 

131 

97 

91 

54 
85 

100 

211 

131 
76 

67 

85 

57 

(627) 

2A 

,2077) 

224 
---- 
:1853) 

91 

63 
---- 
:1699) 

258 

18 

228 

47 
---- 

(1 148) 
117 

(1031) 
117 

(914) 
222 
32 
211 211 

131 131 

97 76 

82 67 

54 
85 85 

---- 
(570: 



I 
1 

SUBSYSTEM STUDIES 

Subsystem concepts and designs ‘nave bee1-1 Li - ivea t lga tsd  by 
Martin Marietta for a Mars soft lander beginning with the Voyager 
Phase B studies and continuing with in-house studies through March 
1968. These studies have been reexamined to identify the impact 
of the entry mode alternatives and the mission requirements im- 
posed in this study. This section summarizes the results of the 
parametric analyses performed, the point designs investigated, 
and the preferred design. In general, only those elements that 
are affected by the entry mode or are new concepts dictated by 
the mission objectives are discussed in this summary. 

1. SCIENCE SUBSYSTEM 

Activity in design of the science subsystem covered three main 
areas. These were the selection of entry instruments using a sta- 
tistical error analysis; a survey of the status of instrument tech- 
nology to discover the critical development problems; and a review 
of work in sterilizable tape recorders to determine the feasibility 
of planning for this equipment within the Mars ‘73 mission sched- 
ule. Results of this work are summarized in this section. 

Subsystem Description 

A functional description of the preferred science subsystem 
is shown in figure 20. Equipment is arranged in blocks on the 
basis of logical grouping for planning purposes. 

Instruments carried on the aeroshell include an open ion 
source mass spectrometer, a dynamic pressure sensor, and a total 
temperature sensor. These are mounted on a special plate carried 
at the apex of the aeroshell. These three instruments together 
with the accelerometer triad yield most of the data to satisfy 
the mission objective of obtaining atmosphere structure profiles. 

During terminal descent there is an opportunity to measure 
atmosphere quantities by direct measurement. A group of three 
sensors comes into play to give temperature, pressure, and humid- 
ity readings over the lower few thousand feet of descent. These 
are important measurements since they p i o v i d e  an aiichor point far 
the vertical structure profiles. 
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Another  approach  t o  g e t t i n g  t h e s e  d a t a  would be t o  u s e  t h e  
i n s t r u m e n t s  i n  t h e  s u r f a c e  meteoro logy  package .  T h i s  i s  n o t  done 
b e c a u s e  o f  t h e  c o m p l i c a t i o n  i n t r o d u c e d  i n  mounting t h e  s u r f a c e  
a s sembly .  P rope r  measurements d u r i n g  t e r m i n a l  d e s c e n t  r e q u i r e  
t h a t  s e n s o r s  be l o c a t e d  t o  s e n s e  free s t r s a n  a t ~ c s p h e r e -  ( T h i s  
i s  most e s s e n t i a l  i n  t h e  c a s e  o f  humid i ty  measurements s i n c e  v e r y  
low f r o s t  p o i n t s  a r e  e x p e c t e d . )  I f  me teo ro logy  i n s t r u m e n t s  a r e  
used  d u r i n g  t e r m i n a l  d e s c e n t  t h e y  w i l l  have t o  be p o s i t i o n e d  f o r  
f r e e  s t r e a m  measurements,  t h e r e b y  e n t a i l i n g  e x t r a  mechanism and 
p l a c i n g  a d d i t i o n a l  r i s k  on  s u c c e s s f u l  deployment o f  t h e  m e t e o r o l -  
ogy package a f t e r  l a n d i n g .  By c o n t r a s t ,  s p e c i a l  s e n s o r s  f o r  t h e  
t e r m i n a l  d e s c e n t  measurements add l i t t l e  i n  c o s t  and w e i g h t  s i n c e  
t h e y  w i l l  be  a v a i l a b l e  from development o f  t h e  s u r f a c e  i n s t r u m e n t s .  

Composi t ion  i s  measured w i t h  a doub le  f o c u s i n g  mass spec t rom-  
e t e r  a f t e r  a e r o s h e l l  s e p a r a t i o n .  T h i s  i n s t r u m e n t  h a s  been under  
development a t  JPL o v e r  t h e  p a s t  two y e a r s .  Composi t ion  r e a d i n g s  
d u r i n g  t e r m i n a l  d e s c e n t  t o g e t h e r  w i t h  d a t a  from h i g h  a l t i t u d e  
measurement o f  n e u t r a l  number d e n s i t y  u s i n g  t h e  open i o n  s o u r c e  
i n s t r u m e n t  p r o v i d e  t h e  d a t a  n e c e s s a r y  t o  c o n s t r u c t  a . c o m p o s i t i o n  
p r o f i l e  o f  t h e  a tmosphe re .  

A f t e r  l a n d i n g ,  a f a c s i m i l e  camera i s  ex tended  f o r  s u r f a c e  
imaging .  Meteoro logy  i n s t r u m e n t s  a r e  deployed  t o  measure atmos- 
p h e r e  t e m p e r a t u r e s ,  p r e s s u r e ,  humid i ty ,  and wind v e l o c i t y  and 
d i r e c t i o n .  T a b l e  4 shows t h e  d a t a  r e t u r n  f rom t h e  s u r f a c e  i n s t r u -  
ments f o r  a synchronous  o r b i t .  

Immedia t e ly  a f t e r  l a n d i n g ,  one  imaging  wedge o f  25" az imuth  
by 70" e l e v a t i o n  w i l l  be  t r a n s m i t t e d  i n  r e a l  t i m e  t o  t h e  o r b i t e r .  
T h i s  i s  a l o w - r e s o l u t i o n  p i c t u r e  ( O . l " / l i n e )  and c o n s i s t s  o f  abou t  
one  m i l l i o n  b i t s  of d a t a .  A l so ,  a b o u t  1000 b i t s  o f  me teo ro logy  
d a t a  w i l l  be  t r a n s m i t t e d  a t  t h i s  t i m e .  Dur ing  t h e  f o l l o w i n g  24- 
h r  p e r i o d ,  t h r e e  more l o w - r e s o l u t i o n  panoramic p i c t u r e s  and two 
h i g h - r e s o l u t i o n  e x a m i n a t i o n s  a r e  made and s t o r e d  i n  t h e  t a p e  re-  
c o r d e r .  A l s o ,  t h e  s o i l  compos i t ion  expe r imen t  w i l l  be completed 
and i t s  d a t a  s t o r e d  on t a p e .  Meteoro logy  i n s t r u m e n t s  w i l l  be 
sampled p e r i o d i c a l l y ,  t h e i r  d a t a  b e i n g  c o l l e c t e d  by s o l i d  c o r e  
s t o r a g e  i n  t h e  main t e l e m e t r y  subsys t em.  A l l  s t o r e d  s c i e n c e  d a t a  
w i l l  be  r e l a y e d  t o  t h e  s p a c e c r a f t  a t  t h e  end o f  t h e  24-hr  p e r i o d .  
The  second d i u r n a l  p e r i o d  n e t s  f i v e  more image s c e n e s  t o g e t h e r  
w i t h  c o n t i n u o u s l y  r e c o r d e d  meteoro logy  d a t a .  T o t a l  imaging from 
t h e  two-day m i s s i o n  w i l l  be a p p r o x i m a t e l y  1 . 3 8  x l o 7  b i t s .  T h i s  
exceeds  a p p r e c i a b l y  t h e  r e q u i r e d  minimum r e t u r n  o f  l o 7  b i t s  o f  
imagery .  



TABLE 4 . -  SUMMARY OF SCIENCE DATA RETURN 

Data  
t r a n s m i s s i o n  
p e r i o d  

I 
E n t r y ,  b a l l i s t i c  

E n t r y  t e r m i n a l  

Lander  touchdown 

Touchdown + 24.6  

d e s c e n t  

h r  

l a t a  
: r a n s m i s s i o n  
j u r a t i o n  
[min.)  

150 sec 

100 s e c  

6 min 

12  min 

l a t a  
tr ansmi s s i o n  
r a t e ,  b p s  
-.._-_ I_.  _ I  

3000 

3000 

3000 

10 000 

10 000 

r n l  

I 
l a t a  
l i t S  

: ransmi t t e d  
~ .<. -.U___. 

150 000 

83 000 

1 060 000 

6 300 000 

6 600 000 

Ilype o f  d a t a  

E n t r y  s c i e n c e  

E n t r y  s c i e n c e  

Imagery and 
meteoro logy  

Imagery ,  mete. 
o r o l o g y  and 
a l p h a  s c a t t e r  

Imagery and 
meteoro logy  

Touchdown + 49 .2  
-- h r  

T o t a l  imaging d a t a  = 1 . 3 8  x l o 7  b i t s  -_ - _I -.. - - 

A l l  d a t a  from i n s t r u m e n t s  h a v i n g  0 t o  5 V a n a l o g  o u t p u t  a r e  
r o u t e d  t o  t h e  t e l e m e t r y  subsys tem main d a t a  e n c o d e r .  T h i s  i n -  
c l u d e s  d a t a  from most o f  t h e  i n s t r u m e n t s  ( e x c e p t i n g  t h e  two mass 
s p e c t r o m e t e r s )  i n  t h e  e n t r y  s c i e n c e  subsys tem and t h e  d a t a  from 
t h e  meteorology package i n  t h e  s u r f a c e  s c i e n c e  subsys tem.  Those  
i n s t r u m e n t s  t h a t  r e q u i r e  s e q u e n c i n g  commands, c l o c k  p u l s e s ,  d a t a  
c o n d i t i o n i n g ,  o r  o t h e r  s p e c i a l i z e d  s i g n a l  i n t e r f a c e s  a r e  r o u t e d  
t o  t h e  d a t a  a u t o m a t i o n  sys tem and a r e  e i t h e r  p u t  i n t o  s t o r a g e  i n  
t h e  magnet ic  t a p e  r e c o r d e r  o r  may be  r o u t e d  d i r e c t l y  t o  t h e  main 
d a t a  encoder .  

. E r r o r  _-_- anal  ys&. - The Kalman-Bucy minimum v a r i a n c e  t e c h n i q u e  
used  by M a r t i n  M a r i e t t a  i n  t h e  USAF/PRIME program h a s  been modi- 
f i e d  i n t o  a Mars e n t r y  a t m o s p h e r i c  d e t e r m i n a t i o n  e r r o r  a n a l y s i s  
program, T h i s  program was used i n  t h e  m i s s i o n  mode work t o  com- 
p a r e  d i r e c t  and o r b i t a l  modes o f  e n t r y  f o r  t h e  e f f e c t  on  a c c u r a c y  
i n  d e t e r m i n i n g  t h e  a tmosphere  s t r u c t u r e  p r o f i l e s .  I t  h a s  a l s o  
been  used t o  s t u d y  v a r i o u s  c o m b i n a t i o n s  o f  s e n s o r s  t o  d e t e r m i n e  
t h e  r e l a t i v e  i m p o r t a n c e  of  d i f f e r e n t  t y p e s  o f  d a t a  and t h e  s e n s i -  
t i v i t y  o f  s t r u c t u r e  d e t e r m i n a t i o n s  t o  i n s t r u m e n t  a c c u r a c i e s .  A 
t y p i c a l  r e s u l t  i s  shown i n  f i g u r e  21.  

Three  combina t ions  o f  s e n s o r s  a r e  compared on  t h e  b a s i s  of  
e r r o r  i n  v a l u e  o f  s t r u c t u r e  p a r a m e t e r s  a t  known a l t i t u d e s .  I n  
one  combina t ion ,  t h e  a c c e l e r o m e t e r  t r i a d  and t h e  a l t i t u d e  marking 
r a d a r  a r e  used .  
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A second grouping  i n c l u d e s  a c c e l e r o m e t e r s ,  dynamic p r e s s u r e ,  and 
a l t i t u d e  marking r a d a r .  I n  t h e  t h i r d  c o m b i n a t i o n  a n  open i o n  
s o u r c e  mass s p e c t r o m e t e r  i s  used  w i t h  a c c e l e r o m e t e r s  and r a d a r  t o  
add a d i r e c t  measurement o f  d e n s i t y  from 100 km down t o  70 km. 
Curves i n  o n e  c a s e  a r e  shown f o r  b o t h  d i r e c t  e n t r y  and f o r  e n t r y  
o u t  of  o r b i t .  

R e s u l t s  g i v e n  i n  f i g u r e  2 1  l e a d  t o  t h e  f o l l o w i n g  c o n c l u s i o n s :  
t h e  mode o f  e n t r y  does  n o t  have a s i g n i f i c a n t  e f f e c t  on  t h e  (1) 

a c c u r a c y  o f  a tmosphere  s t r u c t u r e  d e t e r m i n a t i o n ;  ( 2 )  d i r e c t  meas- 
urement o f  d e n s i t y  a t  h i g h  a l t i t u d e s  makes a s i g n i f i c a n t  c o n t r i -  
b u t i o n  t o  o b t a i n i n g  a c c u r a t e  s t r u c t u r e  p r o f i l e s  from e n t r y  d a t a ;  
and (3 )  a t o t a l  t e m p e r a t u r e  s e n s o r  d o e s  n o t  p l a y  a n  i m p o r t a n t  
r o l e  i n  p r o v i d i n g  d a t a  f o r  a tmosphere  r e c o n s t r u c t i o n .  The open  
i o n  s o u r c e  mass s p e c t r o m e t e r  h a s  a s e n s i t i v i t y  t h r e s h o l d  f a r  below 
t h o s e  o f  a c c e l e r a t i o n  and dynamic p r e s s u r e  s e n s o r s .  T h i s  a c c o u n t s  
f o r  t h e  f l a t t e n i n g  o f  t h e  e r r o r  c u r v e  when t h i s  i n s t r u m e n t  i s  i n -  
c luded  i n  t h e  payload .  

I n s t r u m e n t  t e c h n o l o g y  s u r v e y .  - During  1968,  M a r t i n  M a r i e t t a  
e n g i n e e r s  have made o v e r  35 v i s i t s  t o  n a t i o n a l  l a b o r a t o r i e s ,  com- - 
m e r c i a l  o r g a n i z a t i o n s ,  and u n i v e r s i t y  g r o u p s  t o  d e t e r m i n e  t h e  
technology s t a t u s  o f  c a n d i d a t e  i n s t r u m e n t s  f o r  t h e  '73 Mars l a n d e r .  
The g e n e r a l  c o n c l u s i o n  o f  t h i s  s u r v e y  i s  t h a t  a payload  o f  s c i e n c e  
i n s t r u m e n t s  t o  meet t h e  m i s s i o n  o b j e c t i v e s  c a n  be q u a l i f i e d  w i t h i n  
t h e  ' 7 3  m i s s i o n  s c h e d u l e  p e r i o d .  The prominent  development  prob-  
lem i s  d e s i g n i n g  t o  w i t h s t a n d  d r y  h e a t  s t e r i l i z a t i o n .  

T h r e e  o u t s t a n d i n g  l o n g - l e a d  i t e m s  a r e  i d e n t i f i e d .  T h e s e  a r e  
t h e  i n s t r u m e n t s  f o r  h u m i d i t y  and wind measurements and t h e  open 
i o n  s o u r c e  mass s p e c t r o m e t e r s .  S p e c i a l  a t t e n t i o n  was g i v e n  t o  
s u r v e y i n g  t h e  background t e c h n o l o g y  from which t h e  h u m i d i t y  and 
wind i n s t r u m e n t s  w i l l  e v o l v e .  An aluminum o x i d e  humidi ty  s e n s o r  
and a s o n i c  anemometer were s e l e c t e d  f o r  two main r e a s o n s .  F i r s t ,  
they  a r e  m e c h a n i c a l l y  s i m p l e ;  no moving p a r t s  a r e  i n v o l v e d .  T h i s  
i s  a s i g n i f i c a n t  a d v a n t a g e  c o n s i d e r i n g  t h e  i m p o r t a n c e  o f  i n h e r e n t  
ruggedness  and a b i l i t y  t o  w i t h s t a n d  u n e x p e c t e d  e n v i r o n m e n t a l  ex-  
t remes .  Second,  t h e  s e n s o r  m a t e r i a l s  a r e  s t a b l e  a t  d r y  h e a t  
s t e r i l i z a t i o n  t e m p e r a t u r e s  and e x p o s u r e  t i m e s .  Thus ,  no s e r i o u s  
problem i n  meet ing  s t e r i l i z a t i o n  r e q u i r e m e n t s  i s  e x p e c t e d .  

F i g u r e  22 shows t h e  per formance  r a n g e  r e q u i r e d  f o r  a Mars 
s u r f a c e  hygrometer .  T h i s  f i g u r e  shows f r o s t p o i n t  as a f u n c t i o n  
of  s p e c i f i c  h u m i d i t y  f o r  t h e  two e x t r e m e s  o f  s u r f a c e  a t m o s p h e r i c  
p r e s s u r e  g i v e n  i n  t h e  new nomograph models  (NASA SP-8010).  The 
r a n g e  o f  p r e s e n t  p r e d i c t i o n s  was o b t a i n e d  from t h e  Handbook o f  
t h e  P h y s i c a l  P r o p e r t i e s  o f  t h e  P l a n e t  Mars (NASA SP-3030) .  
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F r o s t p o i n t  t e m p e r a t u r e s  o v e r  t h i s  r a n g e  are  e q u i v a l e n t  t o  t h o s e  
found i n  t h e  E a r t h ' s  a tmosphere from b a l l o o n s o n d e  measurements 
th rough t h e  s t r a t o s p h e r e .  The aluminum o x i d e  hygrometer  h a s  a 
r e c o r d  o f  s u c c e s s f u l  per formance  i n  t h i s  a p p l i c a t i o n .  

For purposes  o f  t h i s  s t u d y ,  a f a c s i m i l e  camera was s e l e c t e d  
a s  t h e  imaging i n s t r u m e n t .  T h i s  d e v i c e  i s  i n  a n  advanced s t a g e  
o f  development due  t o  NASA work c a r r i e d  o u t  o v e r  t h e  p a s t  s e v e n  
y e a r s .  
a v i d i c o n  i n s t r u m e n t  f o r  Mars s u r f a c e  imaging a r e :  (1) s m a l l  
s i z e ,  l i g h t  w e i g h t ,  low powere and i n h e r e n t  r u g g e d n e s s  b e c a u s e  
t h e  system looks  a t  o n l y  one  r e s o l u t i o n  e l e m e n t  a t  a t i m e  and t h e  
s e n s o r  i s  a s m a l l  s o l i d - s t a t e  d e v i c e ;  ( 2 )  no d i s t o r t i o n  o f  t h e  
image n e a r  ex t remes  o f  t h e  format  s i n c e  o p t i c a l  geometry i s  i d e n -  
t i c a l  f o r  e a c h  r e s o l u t i o n  e l e m e n t ;  ( 3 )  no f i e l d  o f  view r e s t r i c -  
t i o n ,  making i t  p o s s i b l e  t o  r e p r o d u c e  a panoramic s c a n  w i t h o u t  
t h e  need f o r  mosaic  o v e r l a y  o f  a d j a c e n t  images ;  and ( 4 )  t h e  i n -  
s t rument  i s  n o t  damaged hy d i r e c t  v i e w i n g  o f  s u n l i g h t .  One d i s -  
advantage  o f  t h e  f a c s i m i l e  camera i s  l o s s  o f  r e s o l u t i o n  i f  t h e r e  
i s  motion o f  t h e  l a n d e r  d u r i n g  imaging .  
f o r  a v a r i a b l e  parameter  camera aims toward f rame times a s  low a s  
1 s e c  t o  h e l p  r e d u c e  t h i s  problem. 

The most s i g n i f i c a n t  a d v a n t a g e s  o f  a f a c s i m i l e  camera o v e r  

Work now b e i n g  p lanned  

R e q u i r e m z i t  f o r  a t a p e  r e c o r d e r .  - The need f o r  a t a p e  r e c o r d -  
e r  i n  t h e  d a t a  h a n d l i n g  sys tem was g i v e n  s p e c i a l  c o n s i d e r a t i o n .  
Under f a v o r a b l e  c o n d i t i o n s  o f  l a n d i n g  and o r b i t i n g  i t  i s  p o s s i b l e  
t o  accompl ish  t h e  ' 73  Mars m i s s i o n  o b j e c t i v e s  and meet t h e  s c i e n c e  
r e q u i r e m e n t s  w i t h o u t  b u l k  s t o r a g e  o f  imaging  d a t a .  However, t h i s  
approach  t o  m i s s i o n  d e s i g n  l e a v e s  l i t t l e  margin  f o r  r e c o v e r y  from 
a n  unplanned e v e n t  t h a t  would p l a c e  t h e  l a n d i n g  s i t e  i n  a p o s i t i o n  
o f  d a r k n e s s  r e l a t i v e  t o  t h e  r e l a y  coinniiirlication l i n k .  A t a p e  r e -  
c o r d e r  i s  i n c l u d e d  i n  t h e  s c i e n c e  subsys tem c o n c e p t .  The need i s  
e s t a b l i s h e d  b e c a u s e  o f  t h e  l o s s  o f  f l e x i b i l i t y  i n  m i s s i o n  p l a n -  
n i n g  and o p e r a t i o n s  imposed by t h e  c o n s t r a i n t  o f  r e a l - t i m e  t r a n s -  
m i s s i o n  o f  imaging d a t a .  

To i l l u s t r a t e  t h e  p o i n t ,  f i g u r e  23 shows t h e  r e l a y  l i n k  O P -  

p o r t u n i t i e s  o c c u r r i n g  f o r  two p o s s i b l e  o r b i t s .  
nous c a s e  t h e  p lanned  l a n d i n g  p o i n t  i s  30' f rom the  e v e n i n g  termi-  
nat.or.  
l a n d e r  a t  t h e  same t i m e  e a c h  d a y .  A l l  imaging  d a t a  t a k e n  and 
t r a n s m i t t e d  i n  r e a l  t i m e  w i l l ,  t h e r e f o r e ,  be  o b t a i n e d  w i t h  t h e  
same s u n  a n g l e .  T i m e  s e p a r a t i o n  o f  images d u r i n g  t h e  d a y  w i l l  
r e q u i r e  a t a p e  r e c o r d e r .  A l s o ,  a r e c o r d e r  w i l l  e n s u r e  r e c o v e r y  
o f  images i n  t h e  e v e n t  o f  a l a n d i n g  beyond t h e  e v e n i n g  t e r m i n a t o r .  

F o r  t h e  synchro-  

The s p a c e c r a f t  p a s s e s  w i t h i n  r e l a y  l i n k  r a n g e  o f  t h e  
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For  t h e  10-hr  o r b i t  i n  f i g u r e  23 ,  t h e  e a r l i e s t  o p p o r t u n i t y  t o  
t r a n s m i t  r e a l - t i m e  imagery i s  a p p r o x i m a t e l y  51 h r  a f t e r  l a n d i n g .  
Contac t  may b e  made w i t h  t h e  s p a c e c r a f t  on t h e  t h i r d  o r b i t  b u t  
t h i s  o c c u r s  w i t h  t h e  l a n d e r  i n  t h e  d a r k  when no imaging i s  p o s s i -  
b l e .  

Based on  i n f o r m a t i o n  o b t a i n e d  from a s u r v e y  o f  t h e  t a p e  r e -  
c o r d e r  i n d u s t r y  - -  p a r t i c u l a r l y  from t h e  c o n t a c t s  w i t h  Lash  Labo- 
r a t o r i e s ,  Memorex C o r p o r a t i o n ,  and Leach C o r p o r a t i o n  - -  i t  i s  o u r  
c o n c l u s i o n  t h a t  a s t e r i l i z a b l e  t a p e  r e c o r d e r  c a n  be  deve loped  and 
procured  f o r  t h e  ' 7 3  Mars m i s s i o n .  

The most i m p o r t a n t  r e a s o n  f o r  t h i s  c o n c l u s i o n  i s  t h a t  a re-  
q u i r e d  o p e r a t i n g  l i f e t i m e  f o r  t h e  '73 l a n d e r  r e c o r d e r  i s  o n l y  
approximate ly  500 h r .  T h i s  compares w i t h  o p e r a t i n g  l i f e t i m e s  up 
t o  10 000 h r ,  which a r e  more r e p r e s e n t a t i v e  f o r  s p a c e  t a p e  r e -  
c o r d e r s .  The s h o r t  o p e r a t i n g  t i m e  w i l l  work t o  a d v a n t a g e  i n  many 
ways i n  d e v e l o p i n g  a s t e r i l i z a b l e  u n i t .  F o r  example,  t h e  problem 
of  e x c e s s i v e  head wear from a m e t a l - c o a t e d  t a p e  would n o t  b e  ex-  
pec ted  t o  a r i s e  i f  o n l y  500 h r  o f  o p e r a t i o n  were r e q u i r e d .  The 
t a p e  r e c o r d e r  i s  i n  t h e  c a t e g o r y  o f  l o n g - l e a d  equipment .  

C o n c l u s i o n s  

The f o l l o w i n g  a r e  b e l i e v e d  t o  be  t h e  most s i g n i f i c a n t  c o n c l u -  
s i o n s  r e s u l t i n g  from s c i e n c e  subsys tem work f o r  t h e  m i s s i o n  mode 
s t u d y :  

1) M i s s i o n  mode h a s  no s i g n i f i c a n t  e f f e c t  on a c c u r a c y  o f  
a tmosphere  d e t e r m i n a t i o n  from e n t r y  measurements;  

2)  Measurement o f  d e n s i t y  and c o m p o s i t i o n  a t  h i g h  a l t i -  
t u d e s  h a s  been  i d e n t i f i e d  a s  e s s e n t i a l  i n  r e c o n s t r u c t -  
i n g  a tmosphere  s t r u c t u r e  p r o f i l e s  from e n t r y  s c i e n c e  
d a t a ;  

3 )  An a d e q u a t e  b a s e  o f  t e c h n o l o g y  e x i s t s  f o r  i n s t r u m e n t s  
t o  meet t h e  s c i e n c e  r e q u i r e m e n t s  f o r  a ' 73  Mars m i s -  
s i o n ;  

4 )  The c a p a b i l i t y  f o r  b u l k  s t o r a g e  o f  imaging d a t a  i s  
r e q u i r e d  t o  p r o v i d e  f l e x i b i l i t y  f o r  m i s s i o n  p l a n n i n g  
and o p e r a t i o n s  w i t h o u t  t h e  c o n s t r a i n t  o f  r e a l - t i m e  
t r a n s m i s s i o n  d u r i n g  imaging .  A s t e r i l i z a b l e  t a p e  r e -  
c o r d e r  can be  deve loped  w i t h i n  t h e  ' 73  m i s s i o n  sched-  
u l e  t o  s e r v e  t h i s  f u n c t i o n ;  

5) S c i e n c e  i tems  i d e n t i f i e d  a s  l o n g - l e a d  a r e  t h e  open 
i o n  s o u r c e  mass s p e c t r o m e t e r ,  aluminum o x i d e  hygrom- 
e t e r ,  s o n i c  anemometer,  and t a p e  r e c o r d e r .  
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2 .  STRUCTURES AND MECHANISMS 

P r e f e r r e d  C o n f i g u r a t i o n  

' ,  I S t e r i l i z a t i o n  c a n i s t e r .  - The s t e r i l i z a t i o n  c a n i s t e r  i s  a n  
a l l -a luminum p r e s s u r e t i g h t  c o n t a i n e r  e n c l o s i n g  t h e  s e p a r a b l e  cap-  
s u l e .  The e n t i r e  s p a c e c r a f t  i s  s u p p o r t e d  t h r o u g h  t h e  c a n i s t e r  
by t h e - s h r o u d  a t  t h e  maximum c a n i s t e r  d i a m e t e r .  The c a n i s t e r  i s  
opened a t  i t s  maximum d i a m e t e r  t o  p e r m i t  c a p s u l e  s e p a r a t i o n .  

D e o r b i t  module. - The d e o r b i t  module s t r u c t u r e  c o n s i s t s  o f  a 
beam assembly s u p p o r t i n g  t h e  d e o r b i t  motor ,  t h e  p r o p e l l a n t  t a n k s ,  
and g a s  p r e s s u r a n t  t a n k s .  The module i s  a t t a c h e d  a t  f o u r  p o i n t s  
t o  a n  aluminum s t r u c t u r a l  c y l i n d e r  t h a t  a l s o  houses  t h e  aerody-  
namic d e c e l e r a t o r  sys tem.  The d e o r b i t  module i s  j e t t i s o n e d  i m -  
m e d i a t e l y  a f t e r  t h e  d e o r b i t  maneuver by s e p a r a t i o n  s p r i n g s  f o l -  
lowing i g n i t i o n  o f  p y r o t e c h n i c  r e l e a s e  d e v i c e s  ( f i g .  18). 

A e r o s h e l l  s t r u c t u r e .  - The a e r o s h e l l  f o r  t h i s  c o n f i g u r a t i o n  
i s  1 0 . 5  f t  i n  d i a m e t e r  and i s  c o n s t r u c t e d  o f  aluminum s k i n  and 
aluminum f rames  ( f i g .  18). T h i s  s t r u c t u r a l  a p p r o a c h  i s  h e a v i e r  
t h a n  one  u s i n g  b e r y l l i u m  o r  magnesium o f  t h e  same geometry,  b u t  
l i g h t e r  t h a n  a f i b e r g l a s  honeycomb. An 8 . 5 - f t  a e r o s h e l l  d i a m e t e r  
was a l s o  examined. However, a t  t h i s  d i a m e t e r  packaging  d e n s i t i e s  
r e q u i r e d  a r e  m a r g i n a l  and t h e r e  i s  a l a n d e r  s towage problem. The 
l a n d i n g  l e g  f o o t  pad i s  stowed much c l o s e r  t o  t h e  edge  o f  t h e  
a e r o s h e l l  f o r  t h i s  c o n f i g u r a t i o n  and r e s u l t s  i n  t h e  need f o r  t h e r -  
mal p r o t e c t i o n ,  s u c h  a s  a b l a t o r  t o  t h e  bot tom o f  t h e  f o o t  pad. 
f i g .  2 4 ( a ) .  T h i s  problem can be e a s e d  e i t h e r  by i n c o r p o r a t i n g  
a more complex l e g  s towage mechanism, o r  by i n c r e a s i n g  t h e  a e r o -  
s h e l l  d i a m e t e r  a s  was done f o r  t h e  p r e f e r r e d  c o n f i g u r a t i o n .  

An added problem o f  s m a l l  d i a m e t e r  a e r o s h e l l s  i s  i l l u s t r a t e d  
by  t h e  e n g i n e  l o c a t i o n s  o f  t h e  C o n f i g u r a t i o n  1 A  l a n d e r ,  f i g u r e  
2 4 ( b ) .  The 8 . 5 - f t - d i a m e t e r  a e r o s h e l l  makes t h e  l a n d e r  o c t a g o n  
s m a l l e r  (56- in .  wide)  f o r  C o n f i g u r a t i o n  1 A  compared t o  64  i n .  f o r  
C o n f i g u r a t i o n  1 B .  To keep t h e  packaging  d e n s i t y  w i t h i n  t h e  o c t a -  
gon r e a s o n a b l y  low, t h e  e n g i n e s  a r e  l o c a t e d  e x t e r n a l  t o  t h e  o c t a -  
gon p e r i p h e r y .  Spac ing  t h e  t h r e e  e n g i n e s  120'  a p a r t  b r i n g s  o n e  
o f  them c l o s e  t o  o n e  o f  t h e  l e g  a s s e m b l i e s ,  t h u s  r e q u i r i n g  t h e r m a l  
p r o t e c t i o n  on  t h e  l e g  s t r u t s .  T h i s  i s  a l s o  a l l e v i a t e d  by g o i n g  
t o  a l a r g e r  a e r o s h e l l  d i a m e t e r .  
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Aerodynamic d e c e l e r a t o r .  - The 4 8 - f t - d i a m e t e r  p a r a c h u t e  and 
deployment m o r t a r  a r e  housed i n  an aluminum c y l i n d r i c a l  c o n t a i n e r  
i n s i d e  t h e  d e o r b i t  module s u p p o r t  s t r u c t u r e .  A r i n g  o f  shock-  
a t t e n u a t i n g  c r u s h a b l e  honeycomb m a t e r i a l  i n s t a l l e d  between t h e  
m o r t a r  and t h e  l a n d e r  s t r u c t u r e  r e d u c e s  t h e  m o r t a r  r e a c t i o n  l o a d s  
o n  t h e  l a n d e r  s t r u c t u r e .  

A h a r n e s s  assembly ,  c o n s i s t i n g  o f  f o u r  s t r a p s ,  a t t a c h e s  t h e  
a e r o d e c e l e r a t o r  t o  t h e  l a n d e r  s t r u c t u r e  a t  t h e  l e g  assembly sup-  
p o r t  f i t t i n g s .  When t h e  a e r o d e c e l e r a t o r  i s  s e p a r a t e d  from t h e  
l a n d e r ,  t h e  d e o r b i t  module s u p p o r t  and s p e n t  m o r t a r  a r e  a l s o  s e p a -  
r a t e d  from t h e  l a n d e r  and c a r r i e d  away w i t h  t h e  a e r o d e c e l e r a t o r .  

Lander s t r u c t u r e .  - The l a n d e r  body i s  a n  a l l -a luminum o c t a -  
gonal  welded t r u s s  s t r u c t u r e  ( f i g .  2 5 ) .  More r e c e n t  d e t a i l  d e s i g n  
s t u d i e s  have i n d i c a t e d  t h e  p o s s i b i l i t y  o f  u s i n g  t i t a n i u m  welded 
t r u s s e s  t o  r e d u c e  h e a t  l o s s e s  t h r o u g h  t h e  i n s u l a t i o n  b l a n k e t .  

Four S u r v e y o r - t y p e  l e g  a s s e m b l i e s  a r e  used t o  a t t e n u a t e  t h e  
l a n d i n g  shock.  A p r e l i m i n a r y  a n a l y s i s  shows t h i s  c o n f i g u r a t i o n  
w i l l  l a n d  s t a b l y  on  s l o p e s  t o  32"  w i t h  l a n d i n g  v e l o c i t i e s  o f  25 
f p s  v e r t i c a l l y  and 10 f p s  h o r i z o n t a l l y .  The Surveyor  f l u i d  s p r i n g  
a t t e n u a t o r  sys tem was s e l e c t e d  t o  a s s u r e  t h a t  a l l  f o o t  pads  would 
b e  i n  c o n t a c t  w i t h  t h e  s u r f a c e  f o l l o w i n g  l a n d i n g ,  t h u s  minimiz ing  
motion o f  t h e  l a n d e r  from wind l o a d s  on  t h e  deployed  s o l a r  p a n e l s .  
The s o l a r  p a n e l s  i n  t h i s  s t u d y  were c o n f i g u r e d  a s  aluminum honey- 
comb h inged  t o  p e r m i t  70" upward and 40" downward r o t a t i o n  by 
s t e p p i n g  motors  t o  improve e x p o s u r e  t o  s o l a r  r a d i a t i o n .  

P a r a m e t r i c  S t u d i e s  

P a r a m e t r i c  i n v e s t i g a t i o n s  i n  s u p p o r t  o f  t h e  s t u d y  o b j e c t i v e s  
i n c l u d e d :  (1) f o r  d i r e c t  e n t r y ,  a s t u d y  o f  methods f o r  e x t e n d i n g  
t h e  a e r o s h e l l  beyond t h e  f i x e d  1 5  f t  d i a m e t e r  imposed by t h e  16-  
f t  b o o s t e r  s h r o u d ;  and ( 2 )  a s t u d y  of h e a t  s h i e l d  r e q u i r e m e n t s  
f o r  a r a n g e  o f  'E, B E '  f o r  b o t h  o r b i t a l  and d i r e c t  e n t r y  
c a s e s .  

A e r o s h e l l  e x t e n s i o n  beyond 1 5 - f t  d i a m e t e r ,  - Two c o n c e p t s  
were i n v e s t i g a t e d  f o r  e x t e n d i n g  t h e  e f f e c t i v e  d i a m e t e r  o f  t h e  
a e r o s h e l l  p r i o r  t o  e n t r y :  d e p l o y a b l e  r i g i d  p a n e l s  ( f l a p s ) )  and 
a c o n t i n u o u s  i n f l a t a b l e  " a i r m a t "  e x t e n s i o n .  F i g u r e  26 i l l u s t r a t e s  
t h e  p e r c e n t  o f  e n t r y  w e i g h t  r e q u i r e d  f o r  t h e  b a s i c  a e r o s h e l l  a l o n e ,  
o r  w i t h  e i t h e r  t h e  f l a p  o r  a i r m a t  e x t e n s i o n s .  
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The b a s i c  a e r o s h e l l  i s  an  a l l -a luminum frame s t a b i l i z e d  mono- 
coque s t r u c t u r e .  The r i g i d  f l a p s  a r e  aluminum honeycomb p a n e l s  
a t t a c h e d  t o  two s p a r s  s u p p o r t e d  by l i n k s  and h i n g e s  a t  t h e  a e r o -  
she?? periphery. A major problem a s s o c i a t e d  w i t h  t h e s e  f l a p s ,  
o t h e r  t h a n  t h e  we igh t  p e n a l t y  i l l u s t r a t e d  i n  f i g u r e  26, i s  t h e  
i n c r e a s e d  l e n g t h  of  t h e  s t e r i l i z a t i o n  c a n i s t e r  r e q u i r e d  t o  s tow 
t h e  r i g i d  f l a p s .  

The a i r m a t  i s  a t e x t i l e  product  c o n f i g u r e d  i n t o  a c o n i c a l  
shape ,  i n t e r n a l l y  p r e s s u r i z e d  t o  a s s u r e  d imens iona l  s t a b i l i t y  on  
e n t r y .  I n  a d d i t i o n  t o  t h e  i n f l a t a b l e  c l o t h  cone ,  t h e  sys t em u s e s  
g a s ,  gas  t a n k s ,  and plumbing. The i n f l a t a b l e  a i r m a t  r e q u i r e s  a 
f l e x i b l e  a b l a t o r  such  a s  M a r t i n  M a r i e t t a ' s  PPA 1078 t o  p e r m i t  
f o l d i n g  and s towage o f  t h e  mat i n  t h e  a e r o s h e l l .  
mat w i t h  i t s  a b l a t o r  w i l l  be d i f f i c u l t  and ha rd  t o  c o n t r o l  from 
a q u a l i t y  c o n t r o l  a s p e c t .  

Stowage o f  t h e  

Heat  s h i e l d s  f o r  o r b i t a l  and d i r e c t  e n t r y .  - The p r imary  c h a r -  
a c t e r i s t i c  r e q u i r e d  o f  t h e  h e a t  s h i e l d  f o r  a Mars o u t - o f - o r b i t  
e n t r y  i s  t h a t  o f  a low d e n s i t y  i n s u l a t i o n .  The SLA 561 a b l a t o r  
deve loped  by M a r t i n  M a r i e t t a  f o r  Mars e n t r y  was ana lyzed  a s  t y p i -  
c a l  o f  such  m a t e r i a l s .  

T h i s  ana l - i s  covered  a range  o f  e n t r y  v e l o c i t i e s  o f  1 4  000 
t o  21  000 f p s ,  e n t r y  f l i g h t  p a t h  a n g l e s  o f  -13 t o  -38" ,  and e n t r y  
b a l l i s t i c  c o e f f i c i e n t s  from 0 .1  t o  0.6 s l u g / f t 2 .  The u n i t  a b l a t o r  
we igh t  f o r  t h e  o r b i t  mode i s  shown i n  f i g u r e  2 7  w i t h  t h e  d e s i g n  
e n t r y  pa rame te r s  superimposed.  S i m i l a r  d a t a  a r e  shown i n  f i g u r e  
2 8  f o r  t h e  d i r e c t  mode. The range  o f  e n t r y  p a r a m e t e r s  f o r  t h e  
d i r e c t  mode i s  c l o s e  t o  t h e  d e s i g n  l i m i t s  o f  t h e  SLA 561. The 
l i m i t a t i o n  i s  t h e  p o t e n t i a l  peak h e a t i n g  r a t e  i n  e x c e s s  o f  100 
B t u / f t 2 - s e c .  
c r i t e r i a  used f o r  t r a n s i t i o n  t o  t u r b u l e n t  f low i s  approached ,  
g i v i n g  r i s e  t o  p o t e n t i a l  peak  r a d i a t i v e  h e a t i n g  r a t e s  g r e a t e r  
t h a n  100 B t u / f t 2 - s e c  w i t h  t h e  VM-4 atmosphere compos i t ion .  
t h i s  be v e r i f i e d  by t e s t ,  t h e  h e a t  s h i e l d  m a t e r i a l  would have  t o  
be  changed from t h e  low d e n s i t y  SLA 561 (14 .7  l b / f t 3 )  
d e n s i t y  a b l a t o r  such  a s  ESA 5500M (58  l b / f t 3 )  t o  p r o t e c t  a g a i n s t  
t h e  h i g h e r  h e a t i n g  r a t e s .  The o r b i t  mode e n t r y  envi ronment  i s  
such  t h a t  t h e  SLA 561 a b l a t o r  can be  used w i t h  wide margins .  

The d i r e c t  mode e n t r y  c o n d i t i o n s  a r e  such  t h a t  t h e  

Should 

t o  a h i g h e r  
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C o n c l u s i o n s  

The  s i g n i f i c a n t  c o n c l u s i o n s  r e g a r d i n g  s t r u c t u r e s  and mecha- 
nisms a r e :  

1) 
2 )  

3 )  

4 )  

5) 

E i t h e r  m i s s i o n  mode i s  w i t h i n  t h e  s t a t e  o f  t h e  a r t ;  

The more s e v e r e  envi ronment  o f  t h e  d i r e c t  e n t r y  mode 
i s  n o t  a major c o n s i d e r a t i o n ;  

The 8 . 5 - f t  a e r o s h e l l  i s  m a r g i n a l  from a packaging  
p o i n t  o f  view; 

More a t t e n t i o n  shou ld  be g i v e n  t o  t h e  packag ing  prob-  
lem and t o  t h e  c a p s u l e / o r b i t e r / l a u n c h  v e h i c l e  shroud 
problem t o  see i f  a bu lbous  sh roud  development can  
be  avo ided  f o r  t h e  o u t - o f - o r b i t  m i s s i o n  mode; 

Only sma l l  r e d u c t i o n s  i n  b a l l i s t i c  c o e f f i c i e n t  can  be 
a c h i e v e d  w i t h  a e r o s h e l l  e x t e n s i o n s  w i t h o u t  pay ing  a 
s e v e r e  w e i g h t  p e n a l t y .  I f  e x t e n s i o n s  a r e  r e q u i r e d ,  
r i g i d  f l a p s  a r e  p r e f e r r e d .  

58 



3 .  PROPULSION SUBSYSTEM 

, -  P r e f e r r e d  Approach 

The p r e f e  r e d  p r o p u l s i o n  c o n f i g u r a t i o n ,  shown i n  f i g u  
f e a t u r e s  t h e  f o l l o w i n g  d e s i g n  c h o i c e s  : 

e 29 ,  

1) Monopropel lan t  sys tems were chosen  o v e r  b i p r o p e l l a n t s  

2 )  Monopropel lan t  sys tems a r e  used  f o r  b o t h  d e o r b i t  and 

3 )  S t e r i l e  p r o p e l l a n t  l o a d i n g  s i m p l i f y i n g  o p e r a t i o n a l  

4 )  Blowdown p r e s s u r i z a t i o n  a v o i d s  t h e  r e g u l a t o r  r e l i a -  

5 )  N i t r o g e n  g a s  p r e s s u r a n t  a v o i d s  t h e  h e l i u m  l e a k a g e  

f o r  d e s i g n  s i m p l i c i t y ;  

l a n d i n g ,  t h u s  o n l y  one e n g i n e  development i s  r e q u i r e d ;  

problems w i t h  t e r m i n a l  s t e r i l i z a t i o n ;  

b i l i t y  problems;  

problems.  

P a r a m e t r i c  A n a l y s i s  

The p r e f e r r e d  d e s i g n  i s  based on a s e r i e s  of t r a d e  s t u d i e s ;  
t h e  w e i g h t  r e s u l t s  o f  t h e s e  s t u d i e s  a r e  summarized i n  f i g u r e  30 .  
A s  f i g u r e  30 shows t h e  s e l e c t i o n  o f  t h e  type  of e n t r y  mode has  
o n l y  a small  e f f e c t  on t h e  we igh t  of t h e  p r o p u l s i o n  subsys t em 
( 3  t o  12%) and h a s  no e f f e c t  on t h e  b a s i c  d e s i g n  o f  e i t h e r  t h e  
l a n d i n g  sys t em o r  d e f l e c t i o n  s y s t e m .  However, d e s i g n  c h o i c e s  
i n t e r n a l  t o  t h e  sys t em have  i m p o r t a n t  e f f e c t s .  

Monopropel lan t  and s o l i d  motor d e o r b i t  and d e f l e c t i o n  sys tems 
were compared; as shown i n  f i g u r e  30, t h e  s o l i d  motor sys t ems  have  
a u s e f u l  sys t em pay load  w e i g h t  advan tage  e q u i v a l e n t  t o  45 l b  o f  
p a y l o a d ;  however,  t h e  c o s t  o f  an a d d i t i o n a l  motor deve lopment  is  
i n c u r r e d .  

R e g u l a t e d  and blowdown p r e s s u r i z a t i o n  subsys t ems  were compared; 
blowdown p r e s s u r i z a t i o n ,  a t  a blowdown r a t i o  o f  3:1,  i s  p r e f e r r e d  
t o  g a s  r e g u l a t i o n  because  r e g u l a t o r  f a i l u r e  modes are e l i m i n a t e d  
and a small  w e i g h t  a d v a n t a g e  o c c u r s .  

F r o p u l s i o n  subsys t em we igh t  a s  a f u n c t i o n  o f  t o t a l  impu l se  
was d e r i v e d  f o r  d e o r b i t ,  d e f l e c t i o n ,  r e t r o ,  and v e r n i e r  o p e r a t i o n s .  
 ne s c r i p  v f  iiie p a r a m e t r i c  s t u d y  Is  shewn i:: c a b l e  5 .  r", 
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TABLE 5.- SCOPE OF PARAMETRIC PROPULSION STUDY 

r 1 

F u n c t i o n  TY Pe 

p r o p e l l a n t  , 
b i p r o  pe 1 l a n  t 

Re t r o  Mono p ro  pe 1 l a n  t , 
b i p r o  pe 1 l a n  t 

Landing Monopropel lan t  

Two -burn r e  t r o  S o l i d  

I I 

T o t a l  
c a p s u l e  w e i g h t ,  

l b  

500 t o  1 0  000 

400 t o  8 000 

300 t o  6 000 

1500 t o  6 000 

R e q u i r e d  
v e l o c i t y  change 

-~ 

50 t o  610 
m/sec 

150 t o  160 
m/sec 

600 t o  850 f p s  

910 t o  1530 
mlsec 

T y p i c a l  s t u d y  r e s u l t s  are shown i n  f i g u r e  31, which  shows p r o -  
p u l s i o n  sys t em w e i g h t  as a f u n c t i o n  of t o t a l  impulse  f o r  t h e  t h r e e  
types  of p r o p u l s i o n  sys t ems  c o n s i d e r e d .  
b i p r o p e l l a n t  sys t ems  a r e  e s s e n t i a l l y  t h e  same w e i g h t  i n  t h e  p r e -  
f e r r e d  d e s i g n  r a n g e  and s o l i d s  a r e  t h e  most e f f i c i e n t  sys t em.  

The monoprope l l an t  and 

C o n c l u s i o n s  

The s i g n i f i c a n t  c o n c l u s i o n s  f o r  t h e  p r o p u l s i o n  subsys t em are : 

1) The p r o p u l s i o n  subsys t em d e s i g n  i s  v i r t u a l l y  u n a f f e c t e d  

2 )  The p r e f e r r e d  d e s i g n  r e s u l t s  i n  w e i g h t ,  c o s t ,  and  r e -  

3 )  The t h r o t t l i n g  monoprope l l an t  e n g i n e  i s  a l o n g  lead 

by t h e  c h o i c e  o f  m i s s i o n  mode; 

l i a b i l i t y  g a i n s  ; 

i t e m .  
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4 .  GUIDANCE AND CONTROL SUBSYSTEM 

P r e f e r r e d  Approach 

1) I n e r t i a l  gu idance  and c o n t r o l  f o r  o r b i t a l  c o a s t ,  

2 )  V e l o c i t y ,  a l t i t u d e  c o n t r o l ,  and a t t i t u d e  c o n t r o l  d u r -  

3)  Capsu le  sys tem and s c i e n c e  s e q u e n c i n g .  

d e o r b i t ,  and e n t r y  p h a s e s ;  

i n g  t h e  v e r n i e r  phase ;  

The subsys t em components as shown i n  f i g u r e  32 a r e  t h e  i n e r t i a l  
measurment u n i t  (IMU), t h e  gu idance  and c o n t r o l  computer (GCC), t h e  
a l t i t u d e  measu r ing  r a d a r  (AMR), t h e  t e r m i n a l  d e s c e n t  and l a n d i n g  
r a d a r  (TDLR), and t h e  Phase  I1 s e q u e n c e r  r e q u i r e d  t o  c o n t r o l  t h e  
long-term w e a t h e r  s t a t i o n  e x p e r i m e n t s .  The IMU and GCC p r o v i d e  
t h e  i n e r t i a l  a t t i t u d e  and v e l o c i t y  c o n t r o l  r e q u i r e d  b e f o r e  t h e  
aerodynamic e n t r y  p h a s e .  During e n t r y  t h e  I M U  p r o v i d e s  a t t i t u d e  
r a t e  f o r  c a p s u l e  damping c o n t r o l .  Dur ing  t h e  v e r n i e r  phase t h e  
TDLR i s  used w i t h  t h e  GCC t o  c a u s e  t h e  v e h i c l e  t o  f o l l o w  a p r e -  
programed d e s c e n t  c o n t o u r ,  as shown i n  f i g u r e  33. The I M U  i s  
a g a i n  used f o r  c o n t r o l  sys tem damping. The GCC p r o v i d e s  t h e  
pr imary  c a p s u l e  and e n t r y  s c i e n c e  s e q u e n c e s .  The IMU and t h e  AMR 
p r o v i d e  a c c e l e r a t i o n  d a t a  and a l t i t u d e  d a t a  t o  t h e  GCC. These  
d a t a  a r e  used  t o  i n i t i a t e  t h e  e n t r y  p h a s e ,  t h e  p a r a c h u t e  phase ,  
and o t h e r  d i s c r e t e  c a p s u l e  e v e n t s .  A f t e r  l a n d i n g ,  t h e  GCC p r o -  
v i d e s  t h e  Phase I s c i e n c e  sequence  and i n i t i a t e s  t h e  Phase I1 
sequence r .  The Phase I sequence  can  b e  s t a r t e d  o r  reprogramed 
by e a r t h - b a s e d  command. Tab le  6 summarizes t h e  per formance  c h a r -  
a c t e r i s t i c s  o f  t h i s  equipment .  

64 

The gu idance  and c o n t r o l  subsys tem c o n t a i n s  equipment t h a t  
per forms t h r e e  major  f u n c t i o n s ,  They a r e :  



i 

Command 
sys tem 

A t t i t u d e  

i -  
' t '  

P r e s e p a r a t  i o n  
d i s c  re t  es 

. 

A c c e l e r a t i o n  

O r b i t e r  

t Discrete s i g n a l s  

A 1  t i  tude- 

F i g u r e  3 2 . -  Guidance and C o n t r o l  Subsystem Block Diagram 

Power on I n i t i a l i z e  

+ S c i e n c e  Phase I1 ' 
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TABLE 6 .  - GUIDANCE A N D  CONTROL SUBSYSTEM CHARACTERISTICS 

C omp onen t 

I M U  

Three  g y r o s  

Three  acce le rom-  
e t e r s  

GCC 

AMR 

TDLR 

F i v e  r a n g e  beams 

F i v e  v e l o c i t y  
beams 

Phase  I1 sequence r  

Performance* 

- - - -  

LO.  2 2  "1 h r  

L 4 0 0  p g 

8 p s e c  add 

5120 f t  

3% o r  5 f t  

4.5% o r  3 
f p s .  

- - - -  

Jrllhree sigma, where  a p p l i c a b l e .  

Weight,  l b  

22 

- - - -  

- - - -  
42 

1 2  

33 

- - - -  

3 

S t a t u s  

Developmental  

- - - -  

- - - -  
Developmenta l  

Developmental  

P r o t o t y p e  under  
c o n t r a c t  

S t a t e  of t h e  
a r t  

P a r a m e t r i c  A n a l y s i s  

The b a s i c  gu idance  and c o n t r o l  equipment was n o t  t r e a t e d  
p a r a m e t r i c a l l y  i n  t h i s  s t u d y  because  i t  i s  i d e n t i c a l  f o r  e i t h e r  
t h e  d i r e c t  o r  o u t  -of - o r b i t  m i s s i o n  mode. Two e x c e p t i o n a l  c a s e s  
were  c o n s i d e r e d :  t h e  autonomous c a p s u l e  and c o n f i g u r a t i o n s  u s i n g  
p l a n e t a r y  approach  g u i d a n c e .  The autonomous c a p s u l e  r e q u i r e s  t h e  
a d d i t i o n  of a sun-Canopus a t t i t u d e  r e f e r e n c e  and a d d i t i o n a l  GCC 
c a p a b i l i t y  t o  accommodate t h e  s p a c e c r a f t  f u n c t i o n s  of t h e  i n t e r -  
p l a n e t a r y  m i s s i o n  phase .  

For t h e  d i r e c t  mode, p l a n e t a r y  approach  gu idance  was s t u d i e d  
t o  a s s e s s  t h e  f e a s i b i l i t y  of u s i n g  onboard measurements t o  improve 
t h e  t r a j e c t o r y  u n c e r t a i n t y  as t h e  v e h i c l e  approaches  t h e  v i c i n i t y  
o f  Mars. If t h e  t r a j e c t o r y  u n c e r t a i n t y  can  be improved t o  under  
37 km ( l a ) ,  t h e  cor,responding c a p s u l e  e n t r y  a n g l e  d i s p e r s i o n  w i l l  
r e s u l t  i n  a maximum e n t r y  a n g l e  l e s s  t h a n  24" (3a) .  A g r e a t e r  
e n t r y  a n g l e  w i l l  r e q u i r e  l a r g e r  d i a m e t e r  a e r o s h e l l s  f o r  t h e  d i r e c t  
mode c a p s u l e s .  The onboard s y s t e m  chosen  f o r  s t u d y  c o n s i s t s  o f  a 
s u n  t r a c k e r ,  a Canopus t r a c k e r ,  and a Mars t r a c k e r .  The Mars 
t r a c k e r  c o u l d  a l s o  p r o v i d e  range  t o  t h e  p l a n e t  by measu r ing  t h e  
sthtefided a n g l e  n f  t h e  image. Kalman r e c u r s i v e  d a t a  f i l t e r i n g  
was used i n  t h e  s t u d y .  The c o n c l u s i o n s  from t h e  s t u d y  a r e :  
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1) The t r a j e c t o r y  d i s p e r s i o n  can  be r educed  t o  l e s s  t h a n  
37 km ( l a )  i n  t h e  c r i t i c a l  d i r e c t i o n  w i t h o u t  an  accu -  
r a t e  d i s c  a n g l e  measurement.  A t y p i c a l  c a s e  i s  shown 
i n  f i g u r e  3 3 ;  

of  t h e  a r t ;  

r a t h e r  t h a n  t h e  c a p s u l e  equipment ;  

i n g  must c o n t i n u e  t o  w i t h i n  4 h r  o f  t h e  f i n a l  v e l o c i t y  
c o r r e c t i o n .  

2 )  The s e n s o r s  r e q u i r e d  ( f i g .  3 4 )  a r e  w i t h i n  t h e  s t a t e  

3 )  The s e n s o r s  shou ld  be a pa r t  of  t h e  o r b i t e r  equipment 

4 )  For t h e  equipment t o  p r o v i d e  t h e  a c c u r a c y  d a t a  p r o c e s s -  

C o n c l u s i o n s  

The gu idance  and c o n t r o l  subsys tem c o n c l u s i o n s  a r e :  

The c a p s u l e  gu idance  and c o n t r o l  p r e f e r r e d  approach  
i s  riot a f f e c t e d  by m i s s i o n  mode; 

For l i g h t w e i g h t  1973  c a p s u l e s  u s i n g  t h e  d i r e c t  mode, 
a n  i n c r e a s e  i n  a e r o s h e l l  d i a m e t e r  i s  r e q u i r e d  u n l e s s  
t r a j e c t o r y  u n c e r t a i n t y  i s  l e s s  t h a n  37 km ( l a ) .  Weight 
growth beyond 1973  i s  n o t  p r a c t i c a l  w i t h o u t  t h i s  a c -  
c u r a c y ;  

Measurements from a s u n ,  s t a r ,  and p l a n e t  t r a c k e r  
mounted on t h e  s p a c e c r a f t  can  r e d u c e  t h e  t r a j e c t o r y  
u n c e r t a i n t y  t o  l e s s  t h a n  3 7  km ( l a ) .  These  s e n s o r s  
a r e  w i t h i n  t h e  e x p e c t e d  s t a t e  of t h e  a r t .  Both t h e  
c a p s u l e  e n t r y  c o r r i d o r  d i s p e r s i o n s  and t h e  o r b i t e r  
ephemer i s  e r r o r s  can  be improved by t h e s e  measurements ;  

O f  t h e  equipment shown i n  f i g u r e  3 2 ,  t h e  l o n g  l e a d  
i t e m s  a re  t h e  I M U ,  TDLR, and AMR a n t e n n a .  The I M U  
l e a d  t i m e  i s  p r i m a r i l y  caused  by t h e  s t e r i l i z a t i o n  
r e q u i r e m e n t .  The TDLR l e a d  t ime  i s  due  t o  t h e  e x -  
t e n s i v e  t e s t  program r e q u i r e d  and s t e r i l i z a t i o n .  
The AMR a n t e n n a  f a b r i c a t i o n  as a n  i n t e g r a l  p a r t  o f  
t h e  a e r o s h e l l  r e q u i r e s  e a r l y  deve lopment  and t e s t i n g .  

I 68 
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5 ,  TELECOMMUNICATIONS 

P r e f e r r e d  Approach 

F i g u r e  35 i s  a b l o c k  diagram f o r  t h e  p o i n t  d e s i g n  of  t h e  t e l e -  
communicat ions s u b s y s t e m s ,  The w e i g h t s  f o r  t h e  subsys tems a r e  
2 7  l b  f o r  t e l e m e t r y ,  11 l b  f o r  uhf communica t ions ,  and 23 l b  f o r  
S-band communica t ions .  Dur ing  e n t r y ,  t h e  d a t a  r a t e  of  t h e  r e l a y  
l i n k  i s  3 kbps ,  u s i n g  a f r e q u e n c y  s h i f t  key  (FSK) modula ted  t r a n s -  
m i t t e r  o f  5 W o u t p u t  a t  400 MHz. A f t e r  t h e  i n i t i a l  r e l a y  p e r i o d ,  
t h e  power l e v e l  of t h e  t r a n s m i t t e r  is s w i t c h e d  t o  30 W and t h e  
d a t a  r a t e  t o  10 kbps t o  p e r m i t  t h e  r e t u r n  of abou t  5 x lo6 b i t s  
of d a t a  d u r i n g  each  subsequen t  o p p o r t u n i t y .  

Communications w i l l  c o n t i n u e  v i a  t h e  r e l a y  l i n k  f o r  two days ,  
w i t h  d a i l y  o p p o r t u n i t i e s  o f  abou t  10 m i n u t e s  f o r  c o n t a c t  n e a r  
p e r i a p s i s .  Assuming a change of  t h e  o r b i t  t o  accompl ish  mapping, 
communications would c o n t i n u e  v i a  t h e  S-band low r a t e  d a t a  l i n k  
a t  about  1 bps f o r  2 h r  each  day ,  r e s u l t i n g  i n  a d a i l y  r e t u r n  of  
about 6000 b i t s .  The d i r e c t  l i n k  per formance  i s  based  on a 20 W 
t r a v e l i n g  wave t u b e  a m p l i f i e r  (TWTA) t r a n s m i t t e r .  

P a r  ame t r i c An a 1  y s i s 

E n g i n e e r i n g  and s c i e n c e  d a t a  t o  be  r e t u r n e d  t o  E a r t h  from cap-  
s u l e  s e p a r a t i o n  t o  t h e  p o i n t  of  l a n d i n g  w i l l  be hand led  by a r e l a y  
l i n k  v i a  t h e  o r b i t e r .  The re  i s  no o t h e r  r e a s o n a b l e  communicat ion 
c h o i c e  d u r i n g  t h a t  p o r t i o n  of t h e  m i s s i o n .  The per formance  re -  
qu i r emen t s  of t h i s  l i n k  a r e  g r e a t l y  s i m p l i f i e d  s i n c e  imaging d a t a  
a re  n o t  r e q u i r e d  d u r i n g  t e r m i n a l  d e s c e n t .  Da ta  c o l l e c t i o n  r a t e s  
f o r  s c i e n c e  and e n g i n e e r i n g  a r e  w e l l  below 1500 bps  and hence ,  
u s ing  r edundan t  t r a n s m i s s i o n  of  d a t a  w i t h  a t ime  d e l a y  t o  r e t r i e v e  
b l ackou t  d a t a ,  i n f o r m a t i o n  r a t e s  a r e  below 3000 b p s .  

The communicat ion geometry d u r i n g  e n t r y  i s  l i m i t e d  t o  a maxi-  
mun range  t o  2500 km, and under  t h e s e  c o n d i t i o n s  a 400 MHz uhf 
l i n k  w i t h  FSK modu la t ion  c a n  h a n d l e  3 kbps of d a t a  w i t h  r f  power 
l e v e l s  of 5 W o r  l e s s .  The power r e q u i r e d  and t h e  we igh t  of  t h e  
uhf equipment a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  d a t a  r a t e  r e d u c t i o n s  
below 3 kbps .  
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The e n t r y  communicat ions are n o t  a f f e c t e d  by t h e  m i s s i o n  mode 
s e l e c t i o n  because  bounds on t h e  d e o r b i t  impu l se ,  t h e  l i n e - o f - s i g h t  
r e q u i r e m e n t s ,  t h e  r e q u i r e m e n t  f o r  abou t  10 minu tes  of  communica- 
t i o n s  immedia t e ly  a f t e r  l a n d i n g ,  and m u l t i p a t h  c o n s i d e r a t i o n s  r e -  
s u l t  i n  e s s e n t i a l l y  i d e n t i c a l  communicat ions g e o m e t r i e s  f o r  bo th  
m i s s i o n  modes, 

The communicat ion problem i s  t h a t  of u s i n g  a v a i l a b l e  w e i g h t  
a f t e r  l a n d i n g  t o  meet t h e  m i s s i o n  r equ i r emen t  of  lo7 b i t s  of  d a t a  
r e t u r n  and t o  a c h i e v e  t h e  g o a l  of lo8 b i t s  of  d a t a  r e t u r n .  

F i g u r e  36 shows t h e  per formance  of  a p o s t l a n d  r e l a y  l i n k  p a r a -  
m e t r i c a l l y ,  r e l a t i n g  r f  power l e v e l  and d a t a  r a t e s  f o r  v a r i o u s  com- 
mun ica t ion  d i s t a n c e s .  The d a t a  shown make t h e  c o n s e r v a t i v e  assump- 
t i o n  of i s o t r o p i c  a n t e n n a  g a i n s  a t  b o t h  ends  of  t h e  l i n k .  Da ta  
r a t e s  i n  t h e  o r d e r  of  10 kbps can  be o b t a i n e d  f o r  l a n d e r - o r b i t e r  
c o n t a c t s  n e a r  p e r i a p s i s ,  where communicat ion r a n g e s  a r e  t y p i c a l l y  
l e s s  t h a n  2500 km and c o n t a c t  t imes a t  l e a s t  500 sec .  T h e r e f o r e ,  
a d a t a  volume of  5 x lo6 b i t s  can  be r e t u r n e d  i n  a s i n g l e  o r b i t e r  
p a s s .  Assuming e i t h e r  t h e  synchronous  o r b i t ,  o r  t h e  a l t e r n a t i v e  
o r b i t  of 1000 by 15 000 km, a s a t i s f a c t o r y  communicat ion c o n t a c t  
w i l l  r e s u l t  a t  l e a s t  once p e r  day .  The r e q u i r e m e n t s  f o r  l o 7  b i t s  
o f  d a t a  can ,  t h e r e f o r e ,  be s a t i s f i e d  i n  two days  of  o p e r a t i o n  and 
t h e  goa l  of  l o 8  b i t s  can  be met i n  18 subsequen t  c o n t a c t s  d u r i n g  
t h e  long- te rm m i s s i o n .  

Relay l i n k  communicat ions i n  t h e  ne ighborhood of  a p o a p s i s  i s  
a l s o  a p o s s i b i l i t y ,  r e s u l t i n g  i n  d a t a  r a t e s  i n  t h e  o r d e r  of  100 
bps  a t  r a n g e s  of  about  25 000 km. 

F i g u r e  3 7  r e p r e s e n t s  t y p i c a l  r e s u l t s  of t h e  p a r a m e t r i c  s t u d i e s  
f o r  d i r e c t  l i n k  communicat:ions from t h e  l a n d e r  t o  E a r t h ,  based  on  
t h e  p r o j e c t e d  DSIE' c a p a b i l i t y  of  2 1 0 - f t  a n t e n n a s .  

Two t y p e s  of modu la t ion  a r e  shown, coded c o h e r e n t  PCM/PSK/PM 
and noncoherent  MFSK. Ranges shown a re  t h o s e  a s s o c i a t e d  w i t h  t h e  
l a s t  a r r i v a l  d a t e ,  2.6 x l o 8  km, and t h e  maximum r a n g e  d u r i n g  
t h e  m i s s i o n  of  3 .96  x 10' km. The c o h e r e n t  l i n k  r e q u i r e s  t h e  u s e  
of a h igh -ga in  a r t i c u l a t e d  a n t e n n a  f o r  r e a s o n d b l e  t r a n s m i t t e r  power 
l e v e l s .  The we igh t  l i m i t a t i o n s  a s s o c i a t e d  w i t h  t h e  1973 m i s s i o n ,  
as w e l l  a s  t h e  c o m p l e x i t i e s  of  a n t e n n a  p o i n t i n g  and s t e e r i n g ,  l e d  
us away from s e l e c t i n g  t h i s  sys t em.  Use of  a f i x e d  broad-beam an- 
t e n n a  and a t r a n s m i t t e r  power o u t p u t  of  abou t  20 W r e s u l t s  i n  d a t a  
r a t e s  i n  t h e  o r d e r  of  1 t o  2 bps  w i t h  a noncoheren t  MFSK l i n k .  The 
u s e  of  such  a l i n k  i s  recommended f o r  l ong- t e rm s u r f a c e  o p e r a t i o n s  
t o  s e r v e  as a means f o r  t h e  r e t u r n  of  w e a t h e r  d a t a  i n d e p e n d e n t  of 
t h e  p re sence  of t h e  o r b i t e r .  
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T h i s  downlink i s  r e q u i r e d  i n  any c a s e  t o  a i d  i n  t h e  a c q u i s i t i o n  
and lockup of t h e  d i r e c t  command l i n k .  
a b e t t e r  t e c h n i q u e  t h a n  u s i n g  unproven onboard  a u t o m a t i c  t e c h -  
n i q u e s  f o r  command lockup or  depending on t h e  d e l a y e d  r e t u r n  of 
command r e c e i v e r  per formance  d a t a  v i a  t h e  r e l z y  l i n k .  

We f e e l  t h a t  t h i s  i s  

Conclus ions  

The s i g n i f i c a n t  t e l ecommunica t ions  subsys tem c o n c l u s i o n s  a r e :  

1) The te lecommunica t ion  subsys tem c o n f i g u r a t i o n  i s  unaf -  
f e c t e d  by t h e  c h o i c e  of m i s s i o n  mode; 

2 )  A r e l a y  l i n k  p rov ides  adequa te  per formance  from s e p a -  
r a t i o n  t o  l a n d i n g  and a l l o w s  r e t u r n  of i n i t i a l  imaging 
d a t a  b e f o r e  o n s e t  of t h e  f i r s t  n i g h t ;  

by c o n t i n u e d  use  of t h e  r e l a y  l i n k  t o  meet t h e  t o t a l  
d a t a  r e t u r n  r equ i r emen t s  of l o 7  b i t s  w i t h i n  two days .  

4 )  P o s t l a n d  communications can  be accompl ished  independ-  
e n t  of t h e  o r b i t e r  by a low d a t a  r a t e  ME'SK l i n k ,  r e -  
t u r n i n g  adequa te  s c i e n c e  d a t a  f o r  t h e  res t  of  t h e  
m i s s i o n ;  

5) Communication v i a  the  r e l a y  l i n k  d u r i n g  s a t i s f a c t o r y  
o p p o r t u n i t i e s  can  ach ieve  t h e  g o a l  of l o 8  b i t s  i n  20 
c o n t a c t s .  

3)  Pr imary  p o s t l a n d i n g  communications are accompl ished  

6)  There  a r e  no l o n g  l e a d  developments  i n  telecommunica- 
t i o n s .  
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6, POWER SUBSYSTEM 

P r e f e r r e d  Approach 

The p r e f e r r e d  d e s i g n  i s  based  on t h e  u s e  of  a s o l a r  a r r a y  f o r  
long- te rm s u r f a c e  o p e r a t i o n s .  A u s a b l e  a r e a  o f  40 s q  f t  i s  a v a i l -  
a b l e  i n  a c o n f i g u r a t i o n  c o n s i s t i n g  of body-mounted c e l l s  on a 
c e n t r a l  h o r i z o n t a l  p a n e l ,  and f o u r  s i d e  p a n e l s  which a r e  dep loyed  
a f t e r  l a n d i n g ,  I f  t h e  l a n d i n g  s i t e  i s  i n  n e a r - e q u a t o r i a l  n o r t h e r n  
l a t i t u d e s ,  good sys t em margin  i s  a v a i l a b l e  t o  l i v e  th rough  c loudy  
d a y s ,  S i n g l e  d r i v e  a d j u s t a b i l i t y  o f  e a c h  s i d e  p a n e l  v i a  command 
c o n t r o l  i n c r e a s e s  t h e  power o u t p u t  of t h e  a r r a y  under  a d v e r s e  
l a t i t u d e  and s l o p e  c o n d i t i o n s .  

The a r r a y  i s  supplemented  by a 1 7  A-h Ni-Cd b a t t e r y  f o r  p o s t -  
l and  o p e r a t i o n s .  A 78 A-h Ag-Zn b a t t e r y  i s  used f o r  e n t r y  and € o r  
a s s u r e d  o p e r a t i o n s  d u r i n g  t h e  f i r s t  two d a y s .  The p o t e n t i a l  e x i s t s  
f o r  e l i m i n a t i n g  one t y p e  of b a t t e r y  and t h e  a s s o c i a t e d  development  
work by e i t h e r  g o i n g  t o  Ni-Cd o n l y  a t  a w e i g h t  p e n a l t y  o f  abou t  
173 l b  o r  by u s i n g  Ag-Zn o n l y ,  assuming t h a t  t h e  deve lopment  work 
on secondary  s t e r i l i z a b l e  Ag-Zn b a t t e r i e s  h a s  demons t r a t ed  a d e -  
q u a t e  c y c l e  l i f e .  The power subsys t em d e s i g n  €s b a s e d  on the 
l o a d  p r o f i l e  shown i n  F i g u r e s  86 and 87 of Volume 11, which 
i n c l u d e s  o n l y  t r a n s m i s s i o n  of d a t a  d i r e c t  t o  ear th  d u r i n g  ex- 
t ended  l i f e .  

P a r a m e t r i c  A n a l y s i s  

S e v e r a l  c o n f i g u r a t i o n s ,  d i f f e r i n g  i n  t h e  c h o i c e  o f  power 
s o u r c e s ,  were  s t u d i e d .  Our s t u d i e s  i n c l u d e d  a n  a l l - b a t t e r y  con-  
f i g u r a t i o n ,  a n  RTG/bat te ry  c o n f i g u r a t i o n ,  and two s o l a r  a r r a y /  
b a t t e r y  c o n f i g u r a t i o n s .  For  each  c o n f i g u r a t i o n ,  d a t a  were  d e -  
ve loped  p a r a m e t r i c a l l y ,  g i v i n g  w e i g h t  and per formance  t o  meet a 
b road  range  o f  power p r o f i l e s .  Ag-Zn b a t t e r i e s  a l o n e  c a n  p r o -  
v i d e  the  r e q u i r e d  ene rgy  f o r  e n t r y  and f o r  a s h o r t  l anded  m i s s i o n  
o f  s e v e r a l  d a y s .  For a m i s s i o n  l i f e  o f  weeks t o  months as s p e c -  
i f i e d ,  a c o n s t a n t  power s o u r c e  i s  r e q u i r e d ,  w i t h  Ni-Cd o r  Ag-Zn 
b a t t e r i e s  used  t o  supplement  t h a t  s o u r c e  f o r  peak  l o a d s ,  and € o r  
d a r k - p e r i o d  o p e r a t i o n  i n  t h e  c a s e  o f  s o l a r  a r r a y s .  

F i g u r e  38 shows t h e  ene rgy  d e n s i t i e s  o f  s t e r i l i z a b l e  Ag-Zn 
and Ni-Cd b a t t e r i e s  on which t h e  s i z i n g  o f  t h e  power sys t em i s  
b a s e d .  These d a t a ,  which r e p r e s e n t  c u r r e n t  p r e d i c t i o n s  f o r  com- 
p l e t e  b a t t e r i e s ,  l e a d  t o  t h e  c o n c l u s i o n  t h a t  a Ag-Zn b a t t e r y  
s h o u l d  be used d u r i n g  e n t r y  and f o r  t h e  f i r s t  two d a y s  of l anded  
o p e r a t i o n  t o  a s s u r e  t h e  r e t u r n  o f  a t  l e a s t  l o 7  b i t s  o f  d a t a  a t  
minimum power s o u r c e  w e i g h t .  
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F o r  long- t e rm o p e r a t i o n s ,  t h e  Ni-Cd b a t t e r y  shou ld  be used  t o  
supplement an  RTG o r  s o l a r  a r r a y  because  o f  i t s  proved h i g h  c y c l e  
l i f e .  

F o r  long  l i f e ,  t h e  c h o i c e  i s  between t h e  RTG and t h e  s o l a r  
a r r a y ,  From a p u r e l y  t e c h n i c a l  p o i n t  o f  view, t h e  RTG i s  a good 
s o l u t i o n  t o  t h e  l o n g - l i f e  power problem,  It  i s  n o t  o n l y  lower i n  
we igh t ,  a s  shown i n  f i g u r e  39 and t a b l e  7 ,  b u t  a l s o  p r o v i d e s  w a s t e  
h e a t  f o r  t h e r m a l  c o n t r o l  and i s  i n s e n s i t i v e  t o  t h e  M a r t i a n  en- 
v i ronment .  The s o l a r  a r r a y ,  on t h e  o t h e r  hand ,  i s  s e n s i t i v e  t o  
the unknowns o f  c loud  c o v e r ,  d u s t ,  and a b r a s i v e  winds .  

However, a s o l a r  a r r a y  i s  r e c o m e n d e d  i n  o u t  p o i n t  d e s i g n  based  
on t h e  f o l l o w i n g  f a c t o r s :  (1) t h e  power s o u r c e  deve lopment ,  q u a l i -  
f i c a t i o n ,  and hardware  c o s t s  a r e  lower ($1 t o  2 m i l l i o n )  t h a n  t h a t  
o f  a newly d e s i g n e d  RTG ($30 t o  40 m i l l i o n )  a s  shown i n  S e c t i o n  8 
o f  Appendix D ;  and ( 2 )  t h e  s o l a r  a r r a y  w e i g h t  i s  a c c e p t a b l e  w i t h i n  
the  c o n s t r a i n t s  o f  t h e  l anded  c o n f i g u r a t i o n .  

C o n s i d e r a b l y  fewer deve lopment  problems cou ld  b e  e x p e c t e d  f o r  
t h e  s o l a r  a r r a y  compared t o  t h e  RTG. Those problems a r e  l i m i t e d  
e s s e n t i a l l y  t o  c o m p a t i b i l i t y  o f  a d h e s i v e s  w i t h  d e c o n t a m i n a t i o n  
p r o c e s s e s  and t o  t h e  deve lopment  o f  a n  a n t i d u s t  c o a t i n g .  

The p a r a m e t r i c  s t u d i e s  f o r  t h e  s o l a r  a r r a y  r e s u l t e d  i n  t h e  de-  
velopment o f  s p e c i f i c  ene rgy  d a t a  a s  shown i n  f i g u r e  40.  The d a t a  
a r e  f o r  two s o l a r  a r r a y  c o n f i g u r a t i o n s ,  a group o f  h o r i z o n t a l  
f i x e d  p a n e l s ,  and a n o t h e r  c o n f i g u r a t i o n  c o n s i s t i n g  of a body- 
mounted h o r i z o n t a l  p a n e l  and f o u r  a d j u s t a b l e  s i d e  p a n e l s .  The 
l a t t e r  c o n f i g u r a t i o n  was chosen  f o r  o u r  p o i n t  d e s i g n ,  w i t h  a n  a d -  
j u s tmen t  made th rough  command c o n t r o l  a f t e r  deployment t o  o r i e n t  
t h e  p a n e l s  i n  a optimum manner r e l a t i v e  t o  t h e  ephemer i s  of t h e  
s u n .  Based on 40 sq f t  o f  u s e f u l  s o l a r  a r r a y  a r e a  and 20" l a n d i n g  
l a t i t u d e ,  t h e  w e a t h e r  s t a t i o n  p o s t l a n d  m i s s i o n  r e q u i r e s  from 15 
t o  18 W-h/ f t2 /day .  The d a t a  emphas izes  two p o i n t s :  

1) A d j u s t i n g  t h e  s i d e  p a n e l s  f o r  optimum power improves  
t h e  ene rgy  a v a i l a b l e  from t h e  a r r a y  by as much as 
45% f o r  t h e  c a s e  o f  l a n d i n g  a t  20" S l a t i t u d e  w i t h  
1 7 "  a d v e r s e  s l o p e ;  

2 )  Landing a t  n o r t h e r n  l a t i t u d e s  p r o v i d e s  a l a r g e r  s o l a r  
a r r a y  o u t p u t  f o r  t h e  1973 m i s s i o n  and p r o v i d e s  a marg in  
t o  accommodate c l o u d s .  
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S o l a r  A r r a y b  RTG S o l a r  Ar ray  

65 
4 

160 
7 

39 

221 

39 39 

199.5 236 

Note: 1. E n t r y  and f i r s t  two d i u r n a l  c y c l e s :  
i d e n t i c a l  p r o f i l e s .  

1 7 0  W peak.  v a r i a b l e  t ime .  
2 .  Long-term miss ion ;  1 0  W minimum, 

3 .  S o l a r  a r r a y  o u t p u t :  17.8 W-h/ft'/day. 

,-. 
5 
0 
m 

0 c !% 

v 

2 h r  5 h r  
D a i l y  d a t a  t r a n s m i s s i o n  t i m e  

8 h r  

F i g u r e  3 9 . -  Weight Comparison o f  RTG and S o l a r  Ar ray  Power Subsystems 

Tab le  7.- Comparison o f  RTG and S o l a r  Ar ray  Power Subsystem C h a r a c t e r i s t i c s  

D a i l y  t r a n s m i s s i o n  t i m e  I 
2 h r  5 h r  8 h r  

RTG S o l a r  Array RTG 

Source  

Dens i ty  
Weight, 

4 0  

fk6.5 
.86 W/lb 

81 avg 

48a 
1 l b / f t '  

113 avg 
.86 W/lb 1 l b / f t 2  

::.5 63a 

BO 

93 
.86 W/lb 

170 avg 
1 l b i f t '  

8Ba 

0 I 76 
Ag-Zn b a t t e r y  

C a p a c i t y ,  A-h 
Weight, l b  

h'i-Cd b a t t e r y  
C a p a c i t y ,  A-h 
Weight, l b  

10 
15 

1 2  
48 

29 
94 

11 
44 

17 
62 

~ 

Conver t e r  
r e g u l a t o r  
Maximum Power, W 
Weight, l b  

B a t t e r y  
c h a r g e r ,  l b  

4 0  
3 .5  

160 
7 

5 

233.5 243 

a I n c l u d e s  1 2  l b  of p a n e l  a c t u a t o r  
' 

Thermal C o n t r o l  uses i s o t o p e  h e a t e r s  (we igh t  n o t  i n c l u d e d  i n  this  t a b u l a t i o n ) .  
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C onc lus ions 

The power subsystem conclusions are: 

The power subsystem configuration is unaffected h y  
the choice of mission mode (for constant separation 
to entry time); 

The solar array is the best program approach to 
achieving surface operational life beyond 2 days 
for the 1973 mission; 

Use of a Ag-Zn battery for entry and for the first 
two days after landing, and a Ni-Cd bat-tery for 
extended life provides the lightest power subsystem 
for the 1973 capsule (unless a secondary sterilizable 
Ag-Zn battery is developed); 

Long-lead items for 1973 are the development of a 
sterilizable Ag-Zn battery, the development of solar 
cell adhesives meeting decontamination requirements, 
and the development of an antidust coating for the 
solar panels. 
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7 .  THERMAL CONTROL SUBSYSTEM 

P r e f e r r e d  Approach 

The p r e f e r r e d  approach  t o  c r u i s e  mode the rma l  c o n t r o l  cons  i s  t s  
of m u l t i l a y e r  i n s u l a t i o n  on t h e  o u t s i d e  of t h e  s t e r i l i z a t i o n  c a n i s -  
t e r  and t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r s  powered from t h e  o r b i -  
t e r  s o l a r  c e l l s .  The key e l emen t  i n  t h e  d e s i g n  is t h e  m u l t i l a y e r  
i n s u l a t i o n .  The w e i g h t  and per formance  o f  t h e  i n s u l a t i o n  was con-  
f i rmed  by f u l l - s c a l e  c ru ise-mode  t e s t s  conducted  by M a r t i n  M a r i e t t a .  
These t e s t s  which showed t h a t  a h e a t  l e a k  as low as 0.40  B t u / h r -  
f t 2  ( a t  55'F) can  be a c h i e v e d  by a n  i n s u l a t i o n  d e s i g n  which weighs  
0.078 l b / f t 2 .  These d a t a  a r e  i n  c l o s e  agreement  w i t h  t h e  i n s u l a -  
t i o n  t e s t s  conduc ted  l a t e r  by G e n e r a l  E l e c t r i c  under  c o n t r a c t  t o  
JPL  

The p r e f e r r e d  d e s c e n t  mode t h e r m a l  c o n t r o l  i s  p a s s i v e  and u s e s  
m u l t i l a y e r  i n s u l a t i o n ,  dense  i n s u l a t o r s ,  and c o a t i n g s  d i s t r i b u t e d  
on d e s c r e t e  e l e m e n t s  o f  t h e  s y s t e m .  

The p r e f e r r e d  approach  t o  Mars s u r f a c e  the rma l  c o n t r o l  i s  
shown i n  f i g u r e  4 1 ;  i t  i n c o r p o r a t e s  r a d i o i s o t o p e  h e a t e r s ,  3 i n .  
of s u r f a c e  i n s u l a t i o n ,  and phase  change m a t e r i a l  on t h e  S-band 
t r a n s m i t t e r .  Rad ioso tope  h e a t e r s  (200 W )  were chosen  because  
they  do n o t  r e q u i r e  consumables and a l l o w  t h e  c h o i c e  of ex t r eme  
d e s i g n  env i ronmen t s  a t  a r e a s o n a b l e  w e i g h t .  I n  a d d i t i o n ,  t h e  
r a d i o i s o t o p e  h e a t e r  sys t em i s  s i g n i f i c a n t l y  l i g h t e r  t h a n  compet- 
ing d e s i g n s .  The l a n d e r  i n t e r n a l  t e m p e r a t u r e  i s  c o n t r o l l e d  by 
d r i v i n g  t h e  i s o t o p e s  i n  and o u t  of t h e  l a n d e r  u s i n g  t h e r m o s t a t i -  
c a l l y  c o n t r o l l e d  a c t u a t o r s .  
a l l  s u r f a c e  l a b o r a t o r y  equipment  w i t h i n  t e m p e r a t u r e  l i m i t s  f o r  
t h e  h o t  and c o l d  ex t reme e n v i r o n m e n t s ;  t h e  r e s u l t s  o f  a d e t a i l e d  
performance e v a l u a t i o n  a r e  g i v e n  i n  f i g u r e  41.  

The p r e f e r r e d  s y s  tern w i l l  m a i n t a i n  

P a r a m e t r i c  A n a l y s i s  

T a b l e  8 shows t h e  t h e r m a l  p a r a m e t e r s  and r a n g e s  i n v e s t i g a t e d  
i n  t h e  p a r a m e t r i c  e v a l u a t i o n .  
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TABLE 8 . -  SCOPE OF PARAMETRIC THERMAL CONTROL STUDY 

I Paramete r  

L i f e  

S i z e ,  c u  f t  

Environment 

I n s u l a t i o n  per formance  

C o n d u c t i v i t y ,  B tu /h r - f t - 'R  

D e n s i t y ,  l b / c u  f t  

Thermal ene rgy  s o u r c e s  

Batter i e s  

Chemical 

Radio i s o t o p e  

S o l a r  c o l l e c t o r  

C a p i l l a r y  pumped RTG l o o p  

Energy s t o r a g e  

Energy r e j e c t i o n  

Power d u t y  c y c l e  

P e n e t r a t i o n  l o s s e s  

Range 

2 days  t o  y e a r s  

10 t o  100 

Cold t o  h o t  ex t reme 

,007 t o  ,025 

.5 t o  4 

F u n c t i o n  o f  s i z e  and type  

One of t h e  most s i g n i f i c a n t  a s p e c t s  o f  t h e  p a r a m e t r i c  e v a l u a -  
t i o n  was t h e  t r e a t m e n t  o f  t h e  Mars s u r f a c e  envi ronment  as a param- 
e t e r .  The m u l t i p l e  v a r i a b l e s  t h a t  make up t h e  Mars s u r f a c e  e n -  
v i ronment  (e . g .  , wind v e l o c i t y ,  a t m o s p h e r i c  t e m p e r a t u r e ,  s o l a r  
f l u x  a t  t h e  s u r f a c e ,  s u r f a c e  t e m p e r a t u r e )  were grouped  i n t o  f o u r  
envi ronments  o f  v a r y i n g  s e v e r i t y .  The s u r f a c e  t e m p e r a t u r e s  r e  - 
s u t i n g  from t h e s e  f o u r  env i ronmen t s  a r e  shown i n  f i g u r e  42 a l o n g  
w i t h  the most s i g n i f i c a n t  t he rma l  p a r a m e t e r s  u s e d .  The pa rame t -  
r i c  phase r e s u l t s ,  t h e r e f o r e ,  show t h e  e f f e c t  o f  e n v i r o n m e n t a l  
c r i t e r i a  o n  sys t em d e s i g n .  I n  g e n e r a l ,  the  w e i g h t s  o f  sys t ems  
t h a t  u se  low s p e c i f i c  e n e r g y  s o u r c e s  f o r  h e a t  ( e . g . ,  b a t t e r y -  
powered l a n d e r s )  a r e  v e r y  s e n s i t i v e  t o  t h e  s e v e r i t y  of  t h e  en-  
v i r o n m e n t a l  c r i t e r i a  chosen .  T h i s  w e i g h t  s e n s i t i v i t y  i n c r e a s e d  
d i r e c t l y  w i t h  l i f e t i m e .  High s p e c i f i c  e n e r g y  sys t ems  ( e . g . ,  
r a d i o i s o t o p e  sys tems)  may be d e s i g n e d  f o r  v e r y  s e v e r e ,  and hence  
c o n s e r v a t i v e  env i ronmen t s  w i t h  l i t t l e  w e i g h t  p e n a l t y .  

1 1  
I 

_I I '  
I 1  
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Another  s i g n i f i c a n t  r e s u l t  of t h e  p a r a m e t r i c  phase i s  t h e  
e v a l u a t i o n  o f  t h e  impor tance  of Mars s u r f a c e  i n s u l a t i o n  pe r fo rm-  
ance  on sys t em w e i g h t .  I n  low s p e c i f i c  e n e r g y  d e s i g n s  t h e  i n s u l a -  
t i o n  per formance  c a n  b e  a s t r o n g e r  i n f l u e n c e  on  sys t em w e i g h t  t h a n  
the s u r f a c e  e n v i r o n m e n t a l  c r i t e r i a  chosen .  A p a r t i c u l a r  Mars s u r -  
f a c e  i n s u l a t i o n  sys t em,  c o n s i s t i n g  o f  low d e n s i t y  f i b e r g l a s  mounted 
between r a d i a t i o n  s h i e l d s  , was a n a l y z e d ,  T h i s  a n a l y s i s  , f i g u r e  4 3 ,  
shows t h a t  t h e  i n s u l a t i o n  c o n d u c t i v i t y  s t r o n g l y  depends on t h e  
a tmosphe r i c  c o n s t i t u e n t s  assumed. F i g u r e  4 4  shows t h a t  an  i n s u l a -  
t i o n  c o n d u c t i v i t y  i n  t h e  r ange  of 0,007 t o  0.025 B t u / h r - f t - T  i s  
r e a s o n a b l e .  This r e s u l t  i s  s i g n i f i c a n t  b e c a u s e  l i t t l e  o r  no t e s t  
d a t a  e x i s t  on i n s u l a t i o n s  a t  Mars s u r f a c e  c o n d i t i o n s .  

The ene rgy  s o u r c e  chosen  h a s  a s t r o n g  i n f l u e n c e  on the rma l  s y s -  
tem w e i g h t ,  as shown i n  f i g u r e  44 .  For  l i f e t i m e s  beyond a b o u t  30 
days and f o r  t h e  c o l d  ex t reme envi ronment  t h e r e  i s  no r e a s o n a b l e  
a l t e r n a t i v e  t o  r a d i o i s o t o p e  h e a t e r s .  

Conc lus ions  

The the rma l  c o n t r o l  subsys tem c o n c l u s i o n s  a r e :  

1) The m i s s i o n  mode c h o i c e  h a s  e s s e n t i a l l y  no e f f e c t  on 
t h e  the rma l  sys t em;  

2 )  I s o t o p e  h e a t e r s  a r e  t h e  recommended h e a t  s o u r c e s  b e -  
cause  compet ing  s o u r c e s  u s e  consurnables and t h e  h i g h  
s p e c i f i c  ene rgy  o f  i s o t o p e s  p r o v i d e s  e n v i r o n m e n t a l  
i n s e n s i t i v i t y  and low sys t em w e i g h t ;  

3 )  Cold and h o t  ex t reme env i ronmen t s  a r e  recommended 
f o r  d e s i g n .  The w e i g h t  g a i n s  a f f o r d e d  by l e s s  c o n -  
s e r v a t i v e  e n v i r o n m e n t a l  models a r e  n o t  l a r g e  ; 

4) I n s u l a t i o n  per formance  is a s t r o n g  f u n c t i o n  o f  t h e  
a t m o s p h e r i c  g a s  a s sumed ;  

5 )  The i s o t o p e  h e a t e r s  a r e  l o n g  l e a d  i tems.  
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CONCLUSIONS 

There  a r e  no p r imary  f i i g ’ n i  capsi;?c c c r ? c e ? t  d i f f e r e n c e s  r e -  
s u l t i n g  from t h e  s e l e c t i o n  o f  mis s ion  mode. Both t h e  d i r e c t  and 
o u t - o f - o r b i t  modes a r e  e q u a l l y  f e a s i b l e ,  a l t h o u g h  t h e  d i r e c t  mode 
e n t r y  env i ronmen t s  a r e  s l i g h t l y  more s e v e r e .  The main d i f f e r e n c e s  
between t h e  modes a r e  c o n c e n t r a t e d  i n  t h e  f l e x i b i l i t y  and con- 
f i d e n c e  i n  m i s s i o n  o p e r a t i o n s .  The s p e c i f i c  c o n c l u s i o n s  a r e  t a b -  
u l a t e d  below and on  t h e  f o l l o w i n g  page.  

O u t - o f - o r b i t  mode recommended. 

Of t h e  p o i n t  d e s i g n s  s t u d i e d ,  C o n f i g u r a t i o n  1 B  1 0 . 5 - f t  a e r o s h e l l ,  
B = 0.35 i s  recommended. 

T i t a n  I I I C / C e n t a u r  l aunch  v e h i c l e  r e q u i r e d  f o r  e i t h e r  m i s s i o n  mode 
when o r b i t e r  s c i e n c e  c a p a b i l i t y  i s  d e s i r e d .  

( 
E ) 

Bulbous  shroud r e q u i r e d  f o r  d i r e c t  mode, and  p r o b a b l y  r e q u i r e d  f o r  
o u t - o f - o r b i t  mode when u s i n g  a Mach 2 p a r a c h u t e ,  VM a tmopshe re ,  
6 0 0 0 - f t  t e r r a i n  h e i g h t ,  and 10% m a r g i n s ,  

T a r g e t i n g  c a p a b i l i t y  i s  t h e  same i n  e i t h e r  m i s s i o n  mode when con- 
s i d e r i n g  o n l y  f l i g h t  p r o f i l e  c o n s t r a i n t s .  However, supe r impos ing  
any  t i m e  o r  o r i e n t a t i o n  c o n s t r a i n t s  d e c r e a s e s  t h e  d i r e c t  mode l a n d -  
i n g  s i t e  s e l e c t i o n  f l e x i b i l i t y .  

Accuracy  o f  a tmosphere  s t r u c t u r e  d e t e r m i n a t i o n  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  between m i s s i o n  modes. 

S c i e n c e ,  p r o p u l s i o n ,  t e l ecommunica t ions ,  power and p y r o t e c h n i c s ,  
and t h e r m a l  c o n t r o l  (autonomous c a p s u l e  e x c e p t e d )  subsys tems a r e  
n o t  a f f e c t e d  by m i s s i o n  mode c h o i c e .  

A l l  subsys tem components a r e  e i t h e r  p r e s e n t  s t a t e - o f - t h e - a r t  t e c h -  
no logy  o r  can  be deve loped  f o r  t he  1973 l aunch  o p p o r t u n i t y .  

Termina l  d e s c e n t  and l a n d i n g  r a d a r  (TDLR), a l t i t u d e  measu r ing  
r a d a r  (AMR) an tenna ,  i n e r t i a l  measurement u n i t  (IMU) , e n g i n e s ,  
i s o t o p e  h e a t e r s ,  s t e r i l i z a b l e  b a t t e r i e s ,  s t e r i l i z a b l e  s o l a r  c e l l  
a d h e s i v e s ,  a e r o d e c e l e r a t o r s ,  and c e r t a i n  s c i e n c e .  components a r e  
l o n g  l e a d  e f f o r t s  which must s t a r t  i n  Phase  C .  

89 



I 
O u t - o f - o r b i t  mode 

More i n - f l i g h t  m i s s i o n  f l e x i b i l i t y  

S i t e  s u r v e y  b e f o r e  s e p a r a t i o n  

Choose f o r  s c i e n c e  o b j e c t i v e s  
Avoid poor  c a p s u l e  s u r f a c e  en-  

v i ronmen t  o r  a d v e r s e  w e a t h e r  
p a t t e r n s  

T a r g e t i n g  can  be t o  d i f f e r e n t  
s i t e  a f t e r  l aunch  

Checkout  w i t h  time f o r  mal func-  
t i o n  c o r r e c t i o n  

I 
Second l a n d e r  can  b e n e f i t  f rom 
f i r s t  l a n d e r ' s  d a t a  r e t u r n  

Can f i t  w i t h i n  1 0 - f t  sh roud ;  u s e  o f  
a Mach 2 p a r a c h u t e  a l l o w s  f o r  no 
m a r g i n s .  To p r o v i d e  marg ins ,  a n  
11.5-ft shroud i s  r e q u i r e d  

Can f i t  w i t h i n  1 0 - f t  sh roud  and p r o -  
v i d e  margins  by u s i n g  a Mach 5 b a l -  
l u t e  

R e q u i r e s  a d d i t i o n a l  o r b i t  i n s e r t i o n  
p r o p u l s i o n  added t o  Mar ine r  Mars ' 7 1  
o r b i t e r  

R e q u i r e s  s u c c e s s f u l  o r b i t  i n s e r t i o n  
maneuver f o r  s u c c e s s f u l  c a p s u l e  m i s -  
s i o n  

D i r e c t  mode 

Can u s e  Mar ine r  Mars ' 7 1  o r b i t e r ,  
b u t  a t  s a c r i f i c e  o f  t a r g e t i n g  and  
o r b i t a l  s c i e n c e  o b j e c t i v e s  

S l i g h t l y  l a r g e r  l a u n c h  v e h i c l e  p e r -  
formance margin  

More e x t e n s i v e  deve lopment  r e q u i r e d  

Highe r  e n t r y  envi ronment  

More s e v e r e  b a s e  h e a t i n g  

I n c r e a s e d  aerodynamic  s e n s i -  
t i v i t i e s  t o  t o l e r a n c e s  and  
m i s a l i g n m e n t s  

L a r g e r  a e r o s h e l l  and c a n i s t e r  

More comprehens ive  ae ro the rmo-  
dynamic t e s t  program 

A d d i t i o n a l  and more s o p h i s t i -  
c a t e d  equipment  o n  o r b i t e r  f o r  
a p p r o a c h  gu idance  
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S e v e r a l  a r e a s  have  been i d e n t i f i e d  t h a t  a p p e a r  t o  m e r i t  f u r -  
t h e r  i n v e s t i g a t i o n  a s  a r e s u l t  o f  t h i s  s t u d y  e f f o r t ,  P r imary  
among t h e s e  i s  a d e t a i l e d  s t u d y  of t h e  i n t e g r a t i o n  w i t h  a T i t a n  
l l l C / Z e n i a u i  shrsr;d. S t r a i g h t f o r w a r d  i n t e g r a t i o n  c o n c e p t s  l i m i t  
t h e  a e r o s h e l l  d i a m e t e r  t o  8 .5  f t .  With t h i s  c o n s t r a i n t ,  t h e r e  
i s  n e i t h e r  marg in  no r  growth  c a p a b i l i t y ,  and s e v e r a l  packag ing  
problems e x i s t .  P r e l i m i n a r y  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  t h e  
a l l o w a b l e  d i a m e t e r  must be i n c r e a s e d  t o  t h e  o r d e r  o f  9 . 5  f t ,  b u t  
f u r t h e r  a n a l y s i s  i s  n e c e s s a r y  t o  c o n f i r m  t h i s  and  t o  d e t e r m i n e  
whe the r  t h i s  i n c r e a s e  i n  a e r o s h e l l  d i a m e t e r  can  be accommodated 
i n  t h e  1 0 - f t  d i a m e t e r  T i t a n  111 s h r o u d .  

--- I 

Two o t h e r  a r e a s  r e l e v a n t  t o  t h e  d e s i r e  t o  u s e  a s t a n d a r d  
1 0 - f t  d i a m e t e r  shroud a r e :  

1) I n t e g r a t i o n  and packaging  o f  p o t e n t i a l  l i f e - d e t e c t i o n  
e x p e r i m e n t s ;  

2 )  The p o s s i b i l i t y  o f  s t a t i s t i c a l l y  combining s e l e c t e d  
env i ronmen ta l  pa rame te r s  f o r  o b t a i n i n g  d e s i g n  r e q u i r e -  
men t s .  

The f i r s t  i s  needed t o  i d e n t i f y  p o t e n t i a l  r e q u i r e m e n t s  f o r  dep loy-  
ment and s e p a r a t i o n / i s o l a t i o n  c o n s i d e r a t i o n s  between i s o t o p e  
s o u r c e s  and s e n s i t i v e  d e t e c t i o n  equipment .  A s t a t i s t i c a l  com- 
b i n a t i o n  of env i ronmen t s ,  a s  opposed t o  s t a c k i n g  w o r s t  c a s e s ,  
may a l l o w  a c o n s i d e r a b l e  r e d u c t i o n  i n  t h e  r e q u i r e d  a e r o s h e l l  d i -  
ame ter  . 
M a r t i n  Marietta C o r p o r a t i o n  

Denver, Co lo rado ,  August 20,  1968 

I -  
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This is t h e  f i n a l  r e p o r t  of t h e  work accompl ished  by 
M a r t i n  M a r i e t t a  C o r p o r a t i o n  f o r  t h e  Langley R e s e a r c h  
C e n t e r  under  C o n t r a c t  NAS1-7976, S tudy  of D i r e c t  
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was conducted  from March 26 t h r u  J u l y  1, 1968. The 
s t u d y  o b j e c t i v e s  were (1) t o  o b t a i n  t h e  n e t  s c i e n c e  
p a y l o a d  f o r  t h e  d i r e c t  e n t r y  mode, and (2) t o  e v a l -  
u a t e  t h e  d i r e c t  and o u t - o f - o r b i t  e n t r y  modes f o r  
s o f t  l a n d i n g  c a p s u l e s .  The t h r e e  main t a s k s  de-  
f i n e d  t o  f u l f i l l  t h e s e  o b j e c t i v e s  were  (1) c o n d u c t  
m i s s i o n  and subsys tem p a r a m e t r i c  a n a l y s e s ,  (2) 
e s t a b l i s h  m i s s i o n  d e s i g n  f o r  e a c h  c a p s u l e  mode; and 
(3 )  p r o v i d e  c o n c e p t u a l  d e s i g n  f o r  t h r e e  c a p s u l e  
s y s  tems . 
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This  i s  t h e  f i n a l  r e p o r t  of t h e  work accompl ished  b y  
M a r t i n  M a r i e t t a  C o r p o r a t i o n  f o r  t h e  Langley  R e s e a r c h  
C e n t e r  under  C o n t r a c t  NAS1-7976, S tudy  of D i r e c t  
Versus  O r b i t a l  E n t r y  f o r  Mars M i s s i o n .  This  e f f o r t  
was c o n d u c t e d  from March 26 t h r u  J u l y  1, 1968. The 
s t u d y  o b j e c t i v e s  were (1) t o  o b t a i n  t h e  n e t  s c i e n c e  
payload  f o r  t h e  d i r e c t  e n t r y  mode, and  ( 2 )  t o  e v a l -  
u a t e  t h e  d i r e c t  and  o u t - o f - o r b i t  e n t r y  modes f o r  
s o f t  l a n d i n g  c a p s u l e s .  The t h r e e  main t a s k s  d e -  
f i n e d  t o  f u l f i l l  t h e s e  o b j e c t i v e s  were (1) c o n d u c t  
m i s s i o n  and  subsystem p a r a m e t r i c  a n a l y s e s ,  (2)  
e s t a b l i s h  m i s s i o n  d e s i g n  f o r  each  c a p s u l e  mode; and 
( 3 )  p r o v i d e  c o n c e p t u a l  d e s i g n  f o r  t h r e e  c a p s u l e  
s y s  tems.  
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